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THE STRONG HAND `A HELPING HAND TO RHEUMATIC SUFFERERS` 
DESIGN FOR ASSEMBLY & MATERIALS & MANUFACTURE 
FOR STRONG HAND 
 
SUMMARY 
The Project Strong Hand has a main notion for helping rheumatic sufferers to 
accumulate power with the decreasing strength in their hands. INVENCON and IPU 
are the responsible companies for the project. IPU is responsible for the design of the 
Strong Hand. Project started with 1
st
 mock-up and the first mock-up of `Strong 
Hand` had been tested by rheumatic patients after several participatory innovations in 
2011. The second mock-up is ready by April, 2012. The project also has an 3rd 
mock-up in 2013 and it ended with final product. 
The goal of the project is to propose a more cost-effective version of the strong hand 
based on the first mock-up and later in the project on the second mock-up. It is also a 
goal to propose a simple tool that can help the designer in evaluating the effect to 
changes to the mock-ups, e.g. in the form of a cost-spread-sheet. The work will be 
based on analyzing the assembly efficiency by the help of DFMA methods (Design 
For Manufacture and Assembly) and propose design changes like the number of 
parts, less expensive parts and manufacturing methods and other materials – all in 
order to simplify the design and improve the manufacturability with higher 
production efficiency.  
Activities of the master project is first to understand the Design for Manufacture and 
Assembly which provides a systematic procedure for analyzing the mock-up‟s CAD 
step files from the point of view of assembly, material selection and manufacture.  
After completing the analysis, to determine the deficiencies, imperfections, changes, 
needs and feats of the second mock-up for not only discussing, but also presenting 
INVENCON and IPU for feedbacks and new ideas.  
Second activity starts with understanding INVENCON and IPU‟s concern, new ideas 
and feedbacks which are disscussed in meetings every two weeks at IPU. Conclusion 
of the IPU meetings are added to Appendix. It continues with modeling three 
different design proposals for assembly and three different cost estimation for 
material and manufacturing for Strong Hand final product. After modeling, 
evaluation of three alternative design proposals will be in a design matrix and 
selection one of them will ensure decision of INVENCON and IPU.  
Final activity is going to be detailed design of the chosen design proposal. Detailed 
design will be a best fit to DFMA Approach which assures cost investigation and 
optimization for material selection and manufacturing methods. Crucial conclusion 
of the project is to result in both simpler and more reliable design which is less 
expensive to assemble, material and manufacture which is collaborated with 
INVENCON and IPU.  
Result of the project is a redesigned product which is supported by spreadsheet of 
cost structure with variable cost and fixed cost for material, manufacturing and 
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providing service. Durability of the redesign is investigated by number of what-if 
scenario analysis about results from the new design like expectations for future basis, 
plans and forecast. 
After the project the student will be able to use the Design For Assembly (DFA) and 
Design For Manufacture (DFM) Methodologies efficiently for any current design, 
and its material and manufacturing method selection. The student is able to obtain 
simplest design approval and best cost efficient way for not only the material 
selection, but also the manufacturing methods for the project according to the 
methodologies.  
1. Examine Design for Assembly (DFA) and Design for Manufacture (DFM) 
Methodology. 
2. Associate DFA and DFM methodologies with illustrating with other projects. 
3. Examine 1st Mock-up of Strong Hand, first version of 2nd mock-up and 
second version of 2
nd
 mock-up Strong Hand with applying DFA and DFM. 
4. Analyze 1st Mock-up of Strong Hand, first version of 2nd mock-up of Strong 
Hand and second version of 2
nd
 mock-up Strong Hand with applying DFA to 
calculate and compare Design Efficiencies of the current designs.  
5. Analyze 1st Mock-up of Strong Hand, first version of 2nd mock-up of Strong 
Hand and second version of 2
nd
 mock-up Strong Hand with applying DFM to 
calculate and compare Cost Estimations for the current materials and 
manufacturing methods. 
6. Generate minimum three possible ways to develop Design Efficiency number 
for 2
nd
 mock-up with presenting INVENCON and IPU. 
7. Combine minimum different cost efficient ways for the 2nd mock-up for 
different material and manufacturing methods with getting approval from 
INVENCON and IPU. 
8. Decide best simplest design proposal with higher Design Efficiency Number 
for Strong Hand Project. 
9. Recommend best cost-effective estimation with available material and 
process for Strong Hand Project. 
 
xxi 
 
GÜÇLÜ EL “ROMATİZMA HASTALARINA YARDIMCI EL”  
GÜÇLÜ EL TASARIMI İÇİN MONTAJ &  
MALZEME & İMALAT ANALİZİ 
ÖZET 
Güçlü el projesi, romatizma hastalarının ihtiyaçlarını karşılamak üzere yola çıkılmış 
bir projedir. Romatizma hastaları, hastalık sebebiyle ellerini tam verimle 
kullanamazlar. Hastaların ellerinde, açma ve kapatma esnasında güç azalması ortaya 
çıkar. Bu güç azalması elin fonksiyonlarını yerine getirmesine manidir. Bu 
fonksiyonların arasında bardak tutmak, kaldırmak, ekmek kesmek sayılabilir. Bu 
fonksiyonların yerine getirilmesi amacıyla elin eksilen gücünü artırıp, hastaların 
problemlerini bitirmek amaciyla yola çikilmis bir projedir.  
Güçlü el projesi, INVENCON şirketinin girişimleriyle başlatılmış bir projedir. 
INVENCON şirketi projenin sahibi ve yürütücüsüdür. Proje bütçesi 7.000.000 TL 
olup Avrupa Birliği destek fonu alınarak yürütülmektedir. INVENCON şirketi, IPU 
şirketiyle 3 yıllık ortaklık anlaşması çerçevesinde projeyi yürütmektedir. IPU şirketi, 
projenin tasarlanması ve son ürünün tamamlanmasından sorumludur.  
Projenin başlangıç tarihi Eylül, 2010‟dur. Birinci aşama olarak Mayıs, 2011 tarihine 
kadar birinci maket tasarlanmis ve hastaların kullanımına ve değerlendirmesine 
sunulmuştur. 2. Maket ise Nisan, 2012 ayinda tamamlanmistir ve Haziran, 2012 ayı 
itibariyle hastaların değerlendirilmesine sunulmuştur. Proje, 2013 yilinda 3. Maket 
ve sonrasinda son ürün olarak sonlanacaktır.   
Yüksek lisans tezi olarak Güçlü El Projesinin esas amaci, tamamlanmış olan birincil 
maket ve tamamlanmakta olan ikincil maket incelenerek, en düşük maliyetli Güçlü 
El tasarımını sunmaktir. En ekonomik olan Güçlü El tasarlanirken, tasarımcılar için 
maliyet muhasebesi yapılarak birincil ve ikincil tasarımın verimliliği ön plana 
çıkarmak esas amaçtır. Bu maliyet muhasebesi, DFM (Design For Manufacture) 
Tasarım için İmalat ve DFA (Design For Assembly) Tasarım için Montaj teorileri 
esas alınarak yapılmıştır.  
DFMA, Tasarım için İmalat ve Montaj teorileri sayesinde, birincil ve ikincil 
maketlerin montajlarının Tasarım Verimliliği belirlenir. Tasarım verimliliği, tasarım 
verimliliği katsayısı sayesinde kıyaslanır. Tasarım verimliliği katsayısı; toplam parça 
sayısını ve fonksiyonel parça sayısını belirler. Tasarım için İmalat ve Montaj teorileri 
ayrıca, pahalı parça sayısının azaltılması, uygun imalat yöntemleri ve malzeme 
seçimini etkiler ve en ekonomik olanın seçilmesini sağlar. Teorilerin ışığında, 
tasarımı basitleştirmek, imal edilebilirliği güçlendirmek ve yüksek ürün ve tasarım 
verimliliğini yakalanır.  
Yüksek lisans tezi olarak aktiviteler, ilk olarak DFMA Tasarim için İmalat ve Montaj 
teorilerini anlamak, birincil ve ikincil maketlerin 3 boyutlu çizimlerinin analizinin 
yapılmasını sağlamaktır. 3 boyutlu analiz; tasarımların montajı, malzeme seçimi ve 
imalat yöntemlerinin seçimi olarak çeşitlenmektedir. Analiz tamamladığında, 
INVENCON ve IPU sirketlerine, analizi yapılan ürünlerin; iyi, kötü yönleri, 
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kusurları ve ihtiyacları sunulmuştur ve onların önerileri yapılan toplantılar sonucunda 
eklenmiştir. 
Tasarım için İmalat ve Montaj teorileri, ilk olarak montajın analizi ile başlamaktadır. 
Tasarım montajı, 3 boyutlu çizimlerin, patlatılmış hallerinin Tasarım için Montaj 
teorisi ışığında, gerekli adımlar izlenilerek Tasarım verimliliğinin hesaplanmasını 
sağlar. Tasarım verimliliği birincil ve ikincil montaj  için belirlenmiş olup gelecek 
tasarımlar için önemli bir göstergedir.  
Tasarım verimliliği hesaplamaları, birincil maket, ikincil maket birinci hal ve ikincil 
maket ikincil hal olarak 3 ayrı durumda hesaplanmıştır. Birincil maket için tasarım 
verimliliği 0.26 olarak, ikincil maket birinci hal için 0.31 ve ikincil maket ikincil hal 
için 0.32 olarak hesaplanmıştır. Bu verimlilik katsayıları, ikicil maket ikincil halin 
yeniden tasarlanması için referans olmaktadır. Yenilenen tasarım önerilerinde, 
simetrik ve yeni boyutlu parça tasarımları önceliğinde, verimlilik katsayısını önemli 
miktarda etkileyen fonksiyonel parça sayısının artırılması öncülüğünde verimliliğin 
artırılması sağlanmıştır.   
İkinci aşama ise Tasarım için İmalat teorisinin uygulanması ile devam eder. Tasarım 
için imalat, birincil ve ikincil tasarımların maketlerinde hangi malzemelerin ve imalat 
metodlarının kullanıldığını belirler ve bunların maliyet hesaplarının yapılmasını 
sağlar. Maliyet hesaplamasında önemli olan fayda hesaplamanın gerçekte olan fiyat 
politikasıyla uyuşup uyuşmadığını karşılaştımaya fırsat vermesidir.  
Maliyet hesaplamaları, tasarım verimliliğiyle paralel olarak birincil ve ikincil 
maketler için tamamlanmıştır. Birincil maketin toplam maliyeti, elektronik kısımlar 
dahil olarak 3040 Danimarka Kronu, İkincil maketin birinci hali 1615 Danimarka 
Kronu ve ikincil maketin ikinci hali ise 2141 Danimarka Kronu, elektronik kısımlar 
hariç olarak hesaplanmıştır.  
İkinci aktivite, INVENCON ve IPU‟nun tasarım verimliliği ve imalat analizleri ilgili 
sonuçları yorumlamaları ve bu sonuçlar hakkindaki düşüncelerini anlamakla başlar. 
Bu fikirler, IPU şirketindeki iki haftalık toplantılarda tartışılmıştır ve toplantı 
kararları; sonuçları, katılımcıları ve tarihleriyle birlikte ekler kısmındadir. İkinci 
aşama, montaj icin 3 farkli tasarım önerisi ve imalat ve malzeme için 3 farkli maliyet 
hesabı sunmakla devam eder. 
Öncelikle, montaj için 3 farklı tasarım önerisi, Tasarım verimliliği tablosundan yola 
çıkılırak belirlenmiştir. Tasarım verimliliği tablosundan tasarımda zaman fazlalığına 
sebep olan parçalar öncelikle belirlenip alternatifleri aranmış ve tasarlanmıştır. 
Ayrıca Tasarım verimliliği tablosunda, tasarım verimliliğini önemli miktarda 
etkileyen fonksiyonel parça sayısı maksimum sayısa yükseltilerek, verimliliğin 
yükseltilmesi amaçlanır. Tasarım verimliliği bir başka yöndende; montajda vakit 
artımına sebep olan bağlama elemanlarının azaltılmasına ve fonksıyonel olmayan 
parçaların biraraya getirilerek yeni parça tasarımları yapılarak 3 farklı tasarım önerisi 
sunulmuştur. 
Malzeme ve imalat için tasarım önerileri, öncelikle maliyeti pahalı olan parçaların 
belirlenmesiyle başlamıştır. Pahalı parçaların alternatiflerinin bulunmasını, farklı 
malzeme ve imalat yöntemlerinin alternatiflerinin bulunması takip etmektedir. Bu 3 
farlı maliyet alternatifi ikinci maket için yapılmaktadır. En uygun alternatif IPU ve 
INVENCON şirketlerinin ortak kararıyla uygulamaya konulmuştur.   
İkinci maket için yapılan maliyet hesaplamarı iki ayrı malzeme tercihi ve imalat 
yöntemi için ayrı ayrı hesaplanmaktadır. İkinci maketin ilk maliyet hesabı 
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çoğunlukla talaşlı imalat yöntemleriyle olup 2141 Danimarka Kronu olarak 
hesaplanmıştır. İkinci maliyet hesabı, malzeme tercihi olarak plastik ağırlıklı ve 
imalat yöntemi olarak enjeksiyon kalıplama olarak 1469 Danimarka Kronu olarak 
hesaplanmıştır. Üçüncü maliyet hesabı, malzeme seçimi olarak plastik ve alüminyum 
ağırlıklıdır ve imalat yöntemi olarak enjeksiyon kalıplama ve talaşlı imalat 
yöntemleriyle 1515 Danimarka Kronu olarak hesaplanmıştır. En ekonomik maliyet 
hesabı, ikinci hesap olup, malzemenin plastik ağırlıklı olması sebebiyle Güçlü Elin 
toplam ağırlığının en hafif halidir.     
Belirlenen montaj ve imalat tasarım önerileri, son ürün esas alinarak hazirlanmıştır. 
Bu öneriler montaj ve maliyet için ayrı ayrı çizelgelerde sunulmustur. Bu 
önerilerilerden herbirinin seçimi INVENCON ve IPU‟ nun ortak seçimi olmuştur.  
Son aşama ise seçilen tasarım önerisinin, detaylı 3 boyutlu çizimi olacaktır. Detaylı 
tasarım, DFMA Tasarım için montaj ve imalat metoduna uygundur. Detaylı 3 
boyutlu çizimler, öncelikli olarak bağlama elemanlarının kaldırımasına yönelik 
çözümler içermektedir. Fiyat araştırması ve ekonomisi tamamiyle malzeme seçimine 
ve imalat yöntemlerine uygundur. Projenin en önemli sonucu, hem basit, hem de 
güvenilir tasarımı bulmak ve bu tasarımın, montaj, malzeme ve imalat olarak 
INVENCON ve IPU şirketleri tarafindan onaylanan en ekonomik maliyetli seçim 
olmasıdır.  
Projenin sonucunda, yeniden tasarlanan Güçlü El Ürünü; montaj, malzeme, imalat 
yöntemi, ve hizmet açisindan maliyet muhasebesi neticesinde sabit ve değisken fiyat 
parametleriyle desteklenir. Bu yeni tasarımın dayanıklılığı ayrıca Ya-Ise senaryo 
analizleriyle ve gelecek planlamasını da içermektedir. 
Güçlü El, Tasarım için İmalat ve Montaj projesi, Güçlü El birincil ve ikincil 
tasarımların değerlendirilmesi ve tasarım verimliliği ve maliyet hesaplaması 
yapılarak sonlandırılmıştır.  
İlk olarak, bu projede son ürün maksimum tasarım verimliliği 0.52 olarak 
hesaplanmıştır. Tasarım için montaj teorisi gereğince bu verimlilik 1‟e yakın olduğu 
müddetçe başarılıdır. Proje sonucunda görülüyor ki bu verimlilik istenilen düzeye 
çıkmamıştır. Bunun sebebi, Güçlü el projesinin yeni, amatör ve ikincil nesil bir proje 
olmasındandır. Tasarım için Montaj teorisi, teknik olarak profesyonel tasarımlara 
uygulandığında başarılı olan bir teoridir ve Güçlü El projesinde beklenen başarıya 
ulaşılamamıştır.  
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1.  INTRODUCTION  
1.1 The Strong Hand - The Role of INVENCON and IPU 
The Project Strong Hand has a main notion for helping rheumatic sufferers to 
accumulate power with their decreasing strength in their hands. The first mock-up of 
`Strong Hand` had been tested by rheumatic patients after several innovations.  
 
Figure 1.1 : First mock-up of Strong Hand Project [4]. 
 
According to IPU for the aim of 'The Strong Hand' project is to improve a device for 
rheumatic patients together with rheumatic sufferers and their therapists, in order to 
make the users more satisfied with the experience a raise in the quality of daily life. 
Therefore, it is considered to strength finger`s while making easy catch, uplift and 
movements, etc. The essential task is to establish a device to enable the rheumatic 
sufferers to behave easier on their difficult movements [13]. 
IPU is responsible for detailed design of the actual design, which includes 
functionality, construction with user statement, and product development. Also IPU 
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is promoting its long-term experience in nursing and health sector with its expertise 
in medical engineering.  
In the past years, IPU has collaborated Invencon ApS, the responsible of the project, 
in the very early works of the project, and on this basis clarified interchanging 
concepts and designed mock-ups with the purpose of the product and the project. On 
the basis of this work, among other tasks, the Regional Fund of Southern Denmark 
now sustains the elaboration of a development project. In this project IPU continues 
to play an essential role concerning the central development work [13]. 
`The project is accomplished with cooperation with Invencon ApS, Gigthospitalet i 
Gråsten (the rheumatic hospital in Gråsten), SPIRE Participatory Innovation 
Research Centre at the University of Southern Denmark, the 'Occupational Therapist 
Education' at the Southern University of Denmark, Linak A/S et al. The time frame 
of the project, which began in June 2011, is two years, and the total financial frame is 
DKK 21.5 million`. 
IPU parts into the project in order to raise its ability within innovation and 
improvement of medical engineering devices [13]. 
1.2 Demonstration of Project as 1st mock-up  
The Strong Hand will adapt as complete hold on fingers and wrist issues related with 
catch power by utilizing the energy and cracked functions. Therefore, Strong Hand 
let patients behave force grip without emerging any risk of blockage.   
The Strong Hand banded on the user's forearm using a bracelet. It has a moving part 
(wrist), which follows users' wrist movements. When the user needs to exercise 
power, user can lock the Strong Hand wrist, whereby the user's wrist relieved 
completely by elbow and shoulder takes over the load via the bracelet and the locked 
Strong Hand wrist [14]. 
When the user will grasp an object and exert a force grip, patient brings only the 
strong hand fingers and wrist in position, using his own fingers and her own wrists. 
When he wants to grasp the subject, he activates a switch on the Strong Hand, which 
causes:  
1. The Strong Hand wrist locks  
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2. The Strong Hand fingers locked one-sided in order to patients cannot relax 
their grip on the object (moving outwards) but may well exceed the power of 
their grip on the object to the desired degree of restraint is achieved ( fingers 
can move inwards).  
The first Mock Up could be defined as Solution Edition and mechanical grippers 
stayed and explained on this issue.  Mechanism of the tweezers grip might also be 
appropriate aspect. 
Today, Invencon and IPU started to work on a newest version (2
nd
 version), the 
strong hand grip change while utilizing patient`s own finger endures adjacent to 
object. Therefore, there are two essential connections in Strong Hand that the 
patient`s feeling for holding quality and degree of firmness and precision is 
maintained with their benefits for patient [14]. 
1.3 Problem Formulation for DFMA Analyze  
Strong Hand is a start-up project that is started in 2011 by Invencon and IPU. Project 
will lead with 2
nd
 mock-up in summer 2012, 3
rd
 mock-up in summer 2013 and final 
product will be finish in 2014. The DFMA analyze project is begin in the middle of 
2
nd
 mock-up on-going process, so it contains: 
 Design For Assembly (DFA) Analyze for 1st mock-up, first and second 
versions of 2
nd
 mock-up 
 Design For Manufacture (DFM) Analyze for 1st and first and second versions 
2
nd
 mock-up 
Design for Manufacture and Assembly (DFMA) Analyzes are common 
methodologies with not only defining Design Efficiency number for current designs, 
but also calculating different cost estimations according to the different materials and 
manufacturing methods. The idea for DFMA Analyze for Strong Hand project,  
 Calculating Design Efficiency number for current design of 1st and 2nd mock-
up with different versions 
 Evaluate the Design Efficiency and determine and propose design changes 
for 2
nd
 mock-up to increase the design efficiency and decrease the operation 
time and cost according to DFA 
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 Cost estimation for 1st mock-up to understand DFM methodology with 
comparing the real product 
Making different cost estimations for 2
nd
 mock-up with available material and 
manufacturing method.  
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2. DFMA METHODOLOGIES 
2.1 Design for Manufacture (DFM) 
 
DFM is a development operation prioritizing manufacturing issues throughout the 
product development process. Accomplishment in DFM results in lower production 
cost with maintaining product quality.  
 Analysis of manufacturing system and cost 
 Estimate manufacturing cost 
 Relations between part design and cost 
DFM has another area that is material and its selection. The material selection has an 
issue that huge number of different materials appropriate to use. Selection of 
materials depends on detailed material property qualification and apart from the 
manufacturing processes [2]. 
 
Figure 2.1 : Steps for DFMA Techniques [2].  
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In figure 2.1, Design for manufacture and assembly methodologies begin with design 
concept. An existing design is evaluated and simplified with DFA approach with 
maintaining product quality. After, simplification of assembly, it comes to selection 
of materials, manufacturing processes and cost estimations. Design for Manufacture 
leads best design concept to make detail design with reduced manufacturing cost. 
Next step will be prototype and production stage [2]. 
2.2 Design for Assembly (DFA)  
Main principle of DFA is reduction to cost. The decrease on the reduction can make 
sure with reducing number of individual parts and ensuring remaining parts easy to 
manufacture with maintaining the quality and functionality of product. 
After design is completed, main criteria will be about how efficient the design is to 
select the assembly method. Three kinds of assembly methods are obvious and using. 
If production is under 1000 assembly per year, this method will be Manual assembly. 
If the rate is higher than one million, is going to name as High Speed Automatic 
assembly. The last one is Robotic Assembly which is used when number of products 
is between 1,000 and 1,000,000.  In Figure 2.2, it can be seen the production ranges 
for three types of assembly methods. 
Selecting of assembly method is basically depending on values of basic product and 
company parameters as production rate for determining the method yielding and 
lowest cost for the design and assembly type [1]. 
For Manual Assembly, main certain points are assembly tools are inexpensive, 
assembly cost remain constant and manual assembly has great flexibility and 
adaptable to all condition.  
For High Speed Automatic Assembly, identifications are machines are built to 
produce specific products, enormously expensive with time-consuming period for 
building and really high production rate.  
For Robotic Assembly, important points are economic application with high number 
of parts and production volume, using for special purposes, flexible and greater 
adaptability to design changes and different product [1]. 
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Figure 2.2 : Production ranges for each type of assembly method [1]. 
 
After examined the types of assemblies, it is time to continue with analyzing Design 
for Manual Assembly under the DFA Approach for the Strong Hand project.   
2.3 Design for Manual Assembly 
According to the Boothroyd - Dewhurst method, there is a calculable value named as 
Design Efficiency which is depending on analyze of the product. The efficiency 
analyzes difference between total assembly time for a sample product with the total 
assembly time for an ideal product which is occurred after using the method.  
The design approach stresses two main notions: 
 The criteria to understand the part is apart from the all other parts. 
 Determining the assembly time and assembly cost to select the appropriate 
assembly method. 
The approach is based on an existing design to repetitively surveyed and improved 
for the ideal design.  
The operation steps are:  
1. Acquire design details 
- Engineering Drawings 
- Exploded 3-D views 
- Existing product or prototype  
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2. Disassemble the existing design apart.  Analyze and define an identification 
number for each part like Figure 1.3, which is a sample sub-assembly of 
pneumatic piston design. If there are sub-assemblies in the design, analyze 
parts first, then the sub-assemblies. 
 
3. Start to re-assemble of the design with respect to the identification number. 
Fulfill the design for assembly worksheet named Worksheet for Design 
Efficiency in Table 1.1.  
 
4. Calculate the design efficiency with the formula, where EM is the manual 
design efficiency, NM is the theoretical minimum number of parts; TM is the 
total manual assembly time. [1]               
 
                                                                                         (1.1) 
Table 2.1 : Worksheet for Design Efficiency [1]. 
 
 
For calculating design efficiency, it is done by systematically filling the worksheet 
by the help of the data from Figure 2.3. The data contain different estimations like 
manual handling code and time, manual insertion time and so on, for assembly 
efficiency for each part depending on the characteristics.  
In Figure 2.3, there is an example for how the method works. The pneumatic piston 
sub-assembly helps to understand the method better with design efficiency worksheet 
[1]. 
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Figure 2.3 : Pneumatic Piston Sub-Assembly [1]. 
The necessary function of calculating design efficiency is the column 9 in the 
worksheet with asking three questions: 
1. Does the part relative to entire other parts? 
2. Are the material properties of the part inevitable?  
3. Does the part must be isolated from all other parts for the assembly? 
If answer for one of these question in `yes` then a 1 is placed in column 9, if there is 
not multiple parts in column 2 [1]. 
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Table 2.2 : Worksheet for Pneumatic Piston Sub-assembly [1] 
 
 
In Table 2.2, it can be clearly seen that design efficiency for pneumatic piston is 
0.29. This value proves that the assembly is in a bad condition in both designs of the 
parts and assembly time. There is a huge opportunity for reduction in assembly time 
and number of parts with comparing the ideal product which has design efficiency as 
1.  
2.4 Procedure for Re-Design  
After completing design efficiency worksheet with the required numbers, column 2, 
4, 6 and 9 are to important columns for re-design. There are two steps to accomplish 
before beginning to re-design. 
 If the number in the column 9 is lower than the number in the column 2, 
there will be chance for reduction in number of parts.  
 Analyze the column 4 and 6; these are the potential for the time reduction. 
The more time reduces, the more the potential time saving.  
Boothroyd mentioned that after examining the column 2, 4, 6 and 9, re-design of the 
piston can be seen in the Figure 2.4 with eliminating two parts.   
Re- desing of the piston has four parts with comparing the old design, 2 parts are 
elaminated. In the new design total manual assembly time (TM) reduced from 40.75 
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to 13,29, number of parts (NM) reduced from 6 to 4 and total operation cost (CM) 
reduced from 16.3 to 5.32. 
 
Figure 2.4 : Re-design of Pneumatic Piston Sub-Assembly [1]. 
Table 2.3 : Worksheet for Re-design of Pneumatic Piston Sub-Assembly [1]. 
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After these three reduction types, if the design effeiciency for new design is 
calculated, it will be seen that manual design efficiency (EM) increase from 0.29 to 
0.90 in the new design.  
All of the new design data can be seen in the Table 1.3 - Worksheet for Re-design of 
Pneumatic Piston Sub-Assembly [1]. 
2.5 Guidelines for Design (for Assembly) for Manual Assembly 
2.5.1 Reduce part count and part types 
 
It is important to reduce parts for DFA method because of having lower material 
cost, reduced fixture cost, improved quality less documentation, small inventories 
and so on [1]. 
Stages for reducing part count are: 
- Applying three rules for checking the need for the existence of the parts  
- Remove separate fasteners if possible 
- Design multi-functional part with reaching maximum limit of individual 
manufacturing process.  
- Remove product features of functions if no added value to costumer 
- Prevent piece part producibility guidelines in start-up stage, it leads to 
have high part count.  
 
Figure 2.5 : Example for single component and two-component assembly [1]. 
In Figure 2.5, the assembly cost for second design is much higher than first design 
production cost. 
2.5.2 Try to eliminate adjustments 
Eliminating of adjustments in particular cases help to perform DFA method: 
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- By removing parts 
- Substitute electronic correction for mechanical adjustment  
- Use kinematic analysis  
2.5.3 Design parts to be self-locating and aligning 
For having ease of assembly, better performance of product, parts could be self-
locating and aligning with the help of following part positions: 
- Parts falls into place  
- Easy to insert 
- Parts located before release  
2.5.4 Consider access and visibility for each operation 
Insufficient access or inefficient vision can transform a simple operation to a time-
consuming operation. With the help of following two rules: 
- Assure adequate clearance for hands, tools, testing probes 
- Assure the assembly worker has clear visibility of the mating features. 
2.5.5 Consider handling part from bulk 
Some parts are easily handling when they are alone, but if large number of parts are 
together, it change to a bulk. If following conditions are ensured, handling will be 
easier.  
- Prevent nesting of the parts 
- Refrain from projections, gaps, holes or cut-outs 
- Avoid from using of flexible material 
- Avoid parts which are fragile or sharp 
- Avoid parts that require special tools 
2.5.6 Design parts that can not be installed incorrectly 
Remove the situations where part can orientate from installation. Conditions for 
preventing orientation problems: 
- Provide projections that will disallow incorrect assembly 
- Make mating features asymmetrical 
- Make parts symmetrical so that orientation will be not a problem 
- Elimination of flexible parts 
14 
- If two parts are assembled incorrectly, make sure that assembly of 
subsequent part is impossible 
2.5.7 Eliminate need for reorientation during assembly 
Reorientation is an operation that adds no value to the assembly so if design products 
with single axis of assembly, Reorientation will be removed. 
2.5.8 Maximize part symmetry, or emphasize asymmetry 
Conditions for symmetry and asymmetry: 
- Higher symmetry stresses lower orientation for time and effort 
- If the part cannot be made symmetric, then emphasized asymmetry allows 
reaching the correct orientation faster [1]. 
2.6 Why is DFMA Methadology? 
2.6.1 DFMA challenges and success at bell helicopter ´nothing new just common 
sense´ [3] 
Since 2008, Bell Helicopter acquired BDI, Design for Manufacture Assembly 
(DFMA) software tool to use DFMA approach efficiently in their product with 3 day 
workshops in to different design center in Texas and Quebec.  
The influence of Bell helicopter in market-share can be showed with their 
certification on commercial helicopters that are delivered more than 35,000 aircraft 
all around the world. The company also continued its sells with products, service and 
support second to none to every customer.  
DFMA is hardly a new concept with the basic principles of DFMA like reducing part 
count and fasteners.  The company is used Design for six sigma tools for their newest 
design 429 that possible has thousands of sheet metal panels, stiffeners and fasteners. 
After DFMA workshops, design is reduced 20% overall weight reduction and 
40%shorter cycle time. It can be seen from Table 2.4 the result of 3 days DFMA 
workshops, part count reduction is 49%, time reduction 53% and cost improvement 
31% after 29 studies [3]. 
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Table 2.4 : Summary of Workshop Results [3]. 
 
Bell Helicopter obtain sample reduction with working on two case studies, one of 
them is sheet metal electric box. Two subsequent redesigns prove the reduction in 
part count as detailed part from 4 to 1 and rivets reduced from 40 to 8, addition to 
part count assembly time is reduced from 51 minutes to 6 minutes that can be seen in 
Table 2.5.   
Table 2.5 : Electrical Box DFMA Savings [3]. 
 
Second case study is about the cabin floor assembly of 429. The floor assembly 
contains structural beams for supporting loads, floor panels and seat tracks and full 
cell (gas tank). Despite the full cell challenge, new design is improved and results 
can be seen in the Table 2.6 as fasteners reduced like more than 1000 and assembly 
time is decreased 46 hours. 
Table 2.6 : Floor Assembly Savings [3] 
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3. STRONG HAND 1st MOCK-UP ANALYZE (2011) 
3.1 Analyzing Strong Hand with DFA Methodology 
3.1.1 Step 1 – Design details, exploded 3-D views 
In Figure 3.1, 3D view of the 1
st
 mock-up can be seen. Main parts are identified 
clearly from also the Figure 3.2 with different colors. Mail idea of the Design For 
Assembly Analyze (DFA) is to define Design Efficiency Number for current design. 
Design Efficiency number is calculated by the help of the DFA Worksheet which is 
in step 3. 
 
Figure 3.1 : 3D View of Strong Hand 1st Mock-up [4] 
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Figure 3.2 : Another 3D View of Strong Hand 1st Mock-up [4] 
3.1.2 Step 2 – Disassemble the design with assigning identification number 
For DFA Analyze, current design is disassembled and attained identification 
numbers for each in the step 2. As can be seen in the Figure 3.3, 1
st
 mock-up is 
dissasembled as 25 different parts in the first stage. Because of having a sub-
assembly  as part 17 in the first stage. In the Figure 3.4, part 17, treak mekanism, is 
dissasembled with 15 different parts.  Essential idea to disassemble the design is to 
complete DFA Worksheet with knowing all parts geometry and functions from the 
disassembled figures.  
 
Figure 3.3 : Detailed view of 1st Mock-up with identification numbers. 
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Figure 3.4 : Detailed view of Part 17 from 1st Mock-up with identification numbers. 
3.1.3 Step 3 – Reassemble into worksheet  
In table 3.1, worksheet of the 1
st
 mock up can be seen.  In the worksheet, there are 9 
different columns to analyze for each part to obtain design efficiency.   
Table 3.1 : Worksheet for Strong Hand 1
st
 Mock-up. 
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STRONG HAND 1ST MOCK-UP  
1 1 30 1,95 02 2,5 4,45 1,78 1 
PART 0001 - HEADBAND 
2 1 30 1,95 02 2,5 4,45 1,78 1 
PART 0006 - TOMMEL 
3 1 30 1,95 00 1,5 3,45 1,38 1 
PART 0005 - FINGER 
20 
4 1 10 1,5 06 5,5 7 2,8 1 
PART 0004 - ARM 
5 1 05 1,84 00 1,5 3,34 1,33 1 
PART 0008 - SPRING 
6 1 20 1,8 00 1,5 3,3 1,32 0 
PART 0009 - SHACKLE 
7 1 30 1,95 00 1,5 3,45 1,38 0 
PART 0010 - HANGER 
8 1 30 1,95 02 2,5 4,45 1,78 1 
PART 0011 - TANDSKIVE  
9 2 10 1,5 00 1,5 6 2,4 0 
PART 00012 - BLIK 
10 1 03 1,69 01 2,5 4,19 1,67 0 
PART 0014 - SKIVE 
11 1 10 1,5 00 1,5 3 1,2 0 
PART 0016 - HEADBAND 
12 1 03 1,69 01 2,5 4,19 1,67 0 
PART 0019 - SKIVE 
13 1 30 1,95 02 2,5 4,45 1,78 1 
PART 0029 - SECURITY 
14 1 10 1,5 06 5,5 7 2,8 1 
PART 0034 - SHAFT 
15 1 33 2,51 02 2,5 5,01 2,00 1 
PART 0032 - SECURITY 
16 2 03 1,69 01 2,5 8,38 3,352 0 
PART 0017 - SKIVE 
17 
SUB-
ASS 
        88 35,2 8 
TREAK MEK 
18 1 10 1,5 35 7 8,5 3,4 0 
PART 0037 - RIVET- SCREW 
19 1 20 1,8 35 7 8,8 3,52 0 
PART 0020 - RIVET 
20 1 11 1,5 00 1,5 3 1,2 0 
PART 0035 
21 1 03 1,69 01 2,5 4,19 1,67 0 
PART 0038 - SKIVE 
22 1 11 1,8 39 8 9,8 3,92 0 
PART 0036 - SCREW 
23 1 30 1,95 02 2,5 4,45 1,78 1 
PART 0018 - TANDSKIVE 
24 1 20 1,8 02 2,5 4,3 1,72 0 
SKUM 
25 1 10 1,5 00 1,5 3 1,2 0 
PART 0021 - COVER 
  
210 84,06 18 
0,26 
TM CM NM 
DESIGN EFFICIENCY = 3×NM/TM 
 
When completing of Table 3.1, columns are determined from;  
Column 1 – The identification number of the part, in the Table 3.1, 25 different part 
numbers can be seen.  
Column 2 – How many times the operation carried out, 22 part operation is carried 
out once and these columns are 1, there are part 9 and 16 which are carried out two 
21 
times. Also, part 17 is sub-assembly so in the table 8, part 17 has another worksheet 
with the parts.  
Column 3 - The two-digit manual handling process code is generated from Chart 
13.1 “Manual Handling Estimated Times”. In the Chart 13.1, there are manual 
handling types as one hand, one hand with grasping aids, two hands for manipulation 
and two hand required for large size. 24 parts of the 1
st
 mock up handling is in the 
one hand classification. After selecting one hand handling, next step is to determine 
the part geometry with α and β angle for part symmetry as from the figure Examples 
of Part Symmetry in the appendix.  
Selection of α is about the rotational symmetry of a part about its axis perpendicular 
to the axis insertion. If one axis insertion with the end to end orientation, α will be 
360°, otherwise will be 180°. Insertion of the part is only one chance to insert 
because of an axis perpendicular, it will be 360, but like a square part, it has four 
different chances to insert then α will be 90°.   
Selection of β is about rotational symmetry of the part about axis insertion. For a s, β 
is 0°, but for a square, β will be 90°, also for rectangular, it will be 180°. If there is 
one chance for insertion, β will be 360°.  
For column 3, handling code is two digits and first digit will be selection from the 
total value of α+β.  
 If α+β is lower than 360, first digit will be 0.  
 If α+β is higher than 360 and lower than 540, first digit will be 1. 
 If α+β is higher than 540 and lower than 720, first digit will be 2. 
 If α+β is equal to 720, first digit will be 3.  
First digits of the column 3,  
 Written as 3, α+β is equal to 720, part number 1, 2, 3, 7, 8, 13, 15, and 23. 
(Generally main parts)  
 Written as 2, α+β is higher than 540 and lower than 720, part number 6, 19, 
and 24. (Generally one axis symmetric parts) 
 Written as 1, α+β is higher than 360 and lower than 540, part number 4, 9, 11, 
14, 18, 20, 22, and 25. (Generally two axis symmetric parts) 
 Written as 0, α+β is lower than 360, part number 5, 12, 16, and 21. (Generally 
two axis symmetric and end to end inserted parts like springs, washers, and 
standard parts) 
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Second digit comes from the thickness and size of the part, which can be shown from 
the Figure 13.1 as illustration of size and thickness. As can be seen from the Figure 
13.1 two, there are two parts for determining the digit. It is about the easy grasp and 
manipulate and handling difficulties. If the part is easy to grasp, digit will be 
determined from thickness and size with the following conditions: 
 If the thickness is higher than 2mm and size is more than 15mm, second digit 
will be 0. 
 If the thickness is higher than 2mm and size is between 6mm and 15mm, 
second digit will be 1. 
 If the thickness is higher than 2mm and size is less than 6mm, second digit 
will be 2. 
 If the thickness is lower than 2mm and size is more than 6mm, second digit 
will be 3. 
 If the thickness is lower than 2mm and size is less than 6mm, second digit 
will be 4. 
If the part has handling difficulties, second digit will be determined from thickness 
and size with some conditions: 
 If the thickness is higher than 2mm and size is more than 15mm, second digit 
will be 5. 
 If the thickness is higher than 2mm and size is between 6mm and 15mm, 
second digit will be 6. 
 If the thickness is higher than 2mm and size is less than 6mm, second digit 
will be 7. 
 If the thickness is lower than 2mm and size is more than 6mm, second digit 
will be 8. 
 If the thickness is lower than 2mm and size is less than 6mm, second digit 
will be 9. 
Second digits of the column 3,  
 Written as 0, easy to grasp with thickness is higher than 2mm and size is 
more than 15mm, part number 1, 2, 3, 4, 6, 7, 8, 9, 11, 13, 14, 18, 19, 23, and 
24.  
 Written as 1, easy to grasp with thickness is higher than 2mm and size is 
between 6mm and 15mm, part number 20, 22. 
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 Written as 3, easy to grasp with thickness is lower than 2mm and size is more 
than 6mm, part number 10, 12, 15, 16, 21.  
 Written as 5, handling difficulties with thickness is higher than 2mm and size 
is more than 15mm, part number 5 (spring).  
So, part 1‟s manual handling code is “30”. The other parts handling code can be seen 
in Table 3.1 – Column 3. 
Column 4 – The handling time is acquired from Chart 13.1 and corresponds to the 
two-digit code of manual handling.  
After identifying 24 parts manual handling code, handling time is the correspondence 
of two digits of manual handling code in Chart 14.1. For example, part one‟s 
handling code is 30, so 3 and 0 corresponds from the chart 1 is 1.95. 1.95 seconds 
will be the handling time. The rest of 23 part‟s handling time is determined by the 
help of the handling code and chart 13.1.  
Column 5 – The insertion process code is a two digit number extracting from Chart 
13.2 “Manual Insertion Estimated Time” [1]. 
First digit of Manual Insertion code can be analyzing with three different areas: 
1. Part added but not secured, first digit will be 0 (easy reaching), 1 (obstructed 
access or restricted vision), 2 (obstructed access and restricted vision). 
       For Second digit for Part added but not secured: 
A. No holding down after assembly: 
- Easy to align with no resistance to insertion is 0 
- Easy to align with resistance to insertion is 1 
- Not Easy to align with no resistance to insertion is 2 
- Not Easy to align with resistance to insertion is 3 
 
B. Require holding down after assembly 
- Easy to align with no resistance to insertion is 6 
- Easy to align with resistance to insertion is 7 
- Not Easy to align with no resistance to insertion is 8 
- Not Easy to align with resistance to insertion is 9 
 
2. Part secured immediately, first digit will be 3 (easy reaching), 4 (obstructed 
access or restricted vision), 5 (obstructed access and restricted vision). 
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       For Second digit for Part secured immediately: 
A. No screwing operation  
- Easy to align with no resistance to insertion is 0 
- Not Easy to align with no resistance to insertion is 1 
 
B. Plastic Deformation after insertion 
a. Plastic bending or torsion 
- Easy to align with no resistance to insertion is 2 
- Not Easy to align with no resistance to insertion is 3 
- Not Easy to align with resistance to insertion is 4 
b. Riveting or similar operation  
- Easy to align with no resistance to insertion is 5 
- Not Easy to align with no resistance to insertion is 6 
- Not Easy to align with resistance to insertion is 7 
C. Screw tightening 
- Easy to align with no resistance to insertion is 8 
- Not Easy to align with no resistance to insertion is 9 
3. Separate operation, first digit will be 9 (assembly processes where all solid 
parts in place) [1] 
       For Second digit for Separate operation:  
A. Mechanical fastening  
- Bending is 0 
- Riveting is 1  
- Screw tightening 2 
- Snap fit, snap clip, press fit is 3 
B. Non-mechanical fastening 
- Resistance, friction welding is 4 
- Soldering is 5 
- Weld/braze is 6 
- Chemical process is 7 
C. Non-fastening 
- Manipulation of parts is 8 
- Other processes is 9 
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After analyzing Chart 13.2, manual insertion codes of 1
st
 mock up parts are, 
 Written as 00, Part added but not secured with easy reaching; No holding 
down after assembly and Easy to align with no resistance to insertion, part 
number 3, 5, 6, 7, 9, 11, 20, and 25.  
 Written as 01, Part added but not secured with easy reaching; No holding 
down after assembly and Easy to align with resistance to insertion, part 
number 10, 12, 16, and 21. 
 Written as 02, Part added but not secured with easy reaching; No holding 
down after assembly and Not Easy to align with no resistance to insertion, 
part number 1, 2, 8, 13, 15, 23, and 24.  
 Written as 06, Part added but not secured with easy reaching; require holding 
down after assembly and Easy to align with no resistance to insertion, part 
number 4, and 14.  
 Written as 35, Part secured immediately with easy reaching; Riveting or 
similar operation and Easy to align with no resistance to insertion, part 
number 18, and 19.(rivet) 
 Written as 39, Part secured immediately with easy reaching; Screw tightening 
and Not Easy to align with no resistance to insertion, part number 22. (screw) 
Column 6 – The insertion time is obtained also from Chart 14.2 what corresponds to 
the two digit manual insertion code. [1] 
After identifying 24 parts manual insertion code, insertion time is the correspondence 
of two digits of manual insertion code from Chart 13.2. For example, part one‟s 
handling code is 02, so 0 and 2 corresponds from the chart-2 is 2,5. 2,5 seconds will 
be the insertion time. The rest of 23 part‟s insertion time is determined by the help of 
the two digit handling code and Chart-2.  
Column 7 – The total operation time is calculated by adding column 4 and 6 and 
summing by column 2.  
Operation time is calculated by the formula of Column2*(Column 4 + Column 6). 
 For example, Part number 1; Column 2 (Number of operation) is 1, Column 4 
(Manual handling time) is 1.95 and Column 6 (Manual insertion time) is 2,5. 
Therefore, Operation time will be 1*(1.95+2.5)=4.45 seconds. 
Column 8 – The total operation cost is calculated by multiplying column 7 with 0.4.  
Operation time is calculated by the formula of 0.4*(Column7). 
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For example, Part number 1; Column 7 (Operation time) is 4.45. Therefore, 
Operation cost will be 0.4*(4,45)=1,78 seconds. 
Column 9 - Figures for estimation of theoretical minimum parts with answering the 
three questions which is mentioned below again for analyzing and reduced. 
1. Does the part relative to entire other parts? 
2. Are the material properties of the part inevitable?  
3. Does the part must be isolated from all other parts for the assembly? 
This column is one of the important columns to determine design efficiency 
numbers. 24 parts of the 1
st
 mock-up is answered according to three questions. Any 
of the three questions is got answer as “yes”, that part is written as 1 in column 9. 
However, as can be seen in Table 3.2, some of the lines of column 9 are highlighted. 
These highlighted lines show that there will be a change in the number from 0 to 1 or 
from 1 to 0. 
Next step will be the preparation the worksheet for Part 17 – Treak Mek – 
Subassembly which can be seen in the Table 3.2 with the design efficiency of Part 
17.  
After completing Table 3.2, next step will be transferring the Part 17‟s results as total 
manual assembly time, 88s, and number of parts, 8, into the Table 3.1 for reaching 
the design efficiency of 1
st
 mock-up.    
In Table 3.2, columns are determined from;  
Column 1 – The identification numbers of the parts, in table 3.2, 15 different parts 
are counted and identified.  
Column 2 – How many times the operation carried out, 11 parts operation is carried 
out once and these columns are 1, there are part 30, 34, 35 and 38 which are carried 
out two times.  
Column 3 - The two-digit manual handling process code is generated from Chart 
13.1 “Manual Handling Estimated Times”. In the Chart 13.1, there are manual 
handling types as one hand, one hand with grasping aids, two hands for manipulation 
and two hand required for large size. 15 parts of the part 17 of the 1
st
 mock up 
handling is in the one hand classification. After selecting one hand handling, next 
step is to determine the part geometry with α and β angle for part symmetry as from 
the Figure 13.1 Examples of Part Symmetry in the appendix. 
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Table 3.2 : Worksheet for Strong Hand Part 17 of 1st Mock-up. 
1 2 3 4 5 6 7 8 9 NAME OF ASSEMBLY  
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STRONG HAND 1
ST
 MOCK-UP - TREAK 
MEK- SUB-ASSEMBLY 
26 1 30 1,95 02 2,5 4,45 1,78 1 
PART 0030 – BACKBOARD 
27 1 30 1,95 02 2,5 4,45 1,78 1 
PART 0047 - MOTOR HOLDER 
28 1 30 1,95 06 5,5 7,45 2,98 1 
PART 0022 - LARGE COG 
29 1 30 1,95 02 2,5 4,45 1,78 1 
PART 0046 - MOTOR GEAR 
30 2 10 1,5 00 1,5 6 2,4 0 
PART 0041 - BEARING  
31 1 30 1,95 06 5,5 7,45 2,98 0 
PART 0028 - WORM 
32 1 30 1,95 03 3,5 5,45 2,18 1 
PART 0048 - BEARING HOLDER 
33 1 30 1,95 02 2,5 4,45 1,78 1 
PART 0023 - SMALL COG  
34 2 03 1,69 01 2,5 8,38 3,352 0 
PART 00043 - BUSH 
35 2 03 1,69 01 2,5 8,38 3,352 0 
PART 00042 - BUSH 
36 1 30 1,95 06 5,5 7,45 2,98 1 
PART 0026 - TOOTHED RACK 
37 1 10 1,5 02 2,5 4 1,6 0 
PART 0040 - STEERING RACK 
38 2 10 1,5 02 2,5 8 3,2 1 
PART 0024 - SMALL COG 
39 1 30 1,95 00 1,5 3,45 1,38 0 
PART 0025 - ARM 
40 1 03 1,69 01 2,5 4,19 1,676 0 
PART 0044 - BUSH 
  
88 35,2 8 
0,27 
TM CM NM 
DESIGN EFFICIENCY = 3×NM/TM 
 
For column 3, handling code is two digits and first digit will be selection from the 
total value of α+β.  
First digits of the column 3,  
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 Written as 3, α+β is equal to 720, part number 26, 27, 28, 29, 31, 32, 33, 36, and 39. 
(Generally main parts)  
 Written as 1, α+β is higher than 360 and lower than 540, part number 30, 37, and 38. 
(Generally two axis symmetric parts) 
 Written as 0, α+β is lower than 360, part number 34, 35, and 40. (Generally two axis 
symmetric and end to end inserted parts like springs, washers, and standard parts) 
Second digit comes from the thickness and size of the part, which can be shown from 
the Figure 13.1 as illustration of size and thickness. As can be seen from the figure 
two, there are two parts for determining the digit. It is about the easy grasp and 
manipulate and handling difficulties with the conditions of explained above.  
Second digits of the column 3,  
 Written as 0, easy to grasp with thickness is higher than 2mm and size is more than 
15mm, part number 26, 27, 28, 29, 30, 31, 32, 33, 36, 37, 38, and 39.  
 Written as 3, easy to grasp with thickness is lower than 2mm and size is more than 
6mm, part number 34, 35, 40.  
So, part 26‟s manual handling code is “30”. The other parts handling code can be 
seen in Table 3.2 – Column 3. 
Column 4 – The handling time is acquired from Chart 13.1 and corresponds to the 
two-digit code of manual handling.  
After identifying 15 parts manual handling code, handling time is the correspondence 
of two digits of manual handling code in Chart 14.1. For example, part 26‟s handling 
code is 30, so 3 and 0 corresponds from the chart 1 is 1.95. 1.95 seconds will be the 
handling time. The rest of 14 part‟s handling time is determined by the help of the 
handling code and chart 1.  
Column 5 – The insertion process code is a two digit number extracting from Chart 
13.2 “Manual Insertion Estimated Time”.  
According to the Chart 13.2, manual insertion codes of Part 17 of the 1
st
 mock up 
parts are with the conditions of explained above: 
 Written as 00, Part added but not secured with easy reaching; No holding down after 
assembly and Easy to align with no resistance to insertion, part number 30, and 39.  
 Written as 01, Part added but not secured with easy reaching; No holding down after 
assembly and Easy to align with resistance to insertion, part number 34, 35, and 40. 
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 Written as 02, Part added but not secured with easy reaching; No holding down after 
assembly and Not Easy to align with no resistance to insertion, part number 26, 27, 
29, 33, 37, and 38.  
 Written as 03, Part added but not secured with easy reaching; No holding down after 
assembly and Not Easy to align with resistance to insertion, part number 32.  
 Written as 06, Part added but not secured with easy reaching; require holding down 
after assembly and Easy to align with no resistance to insertion, part number 28, 31, 
and 36.  
Column 6 – The insertion time is obtained also from Chart 13.2 what corresponds to 
the two digit manual insertion code. 
After identifying 15 parts manual insertion code, insertion time is the correspondence 
of two digits of manual insertion code from Chart 13.2. For example, part 26‟s 
handling code is 02, so 0 and 2 corresponds from the chart-2 is 2,5. 2,5 seconds will 
be the insertion time. The rest of 14 part‟s insertion time is determined by the help of 
the two digit handling code and Chart 13.2 and they could be seen from Table 3.2, 
column 6. 
Column 7 – The total operation time is calculated by adding column 4 and 6 and 
summing by column 2.  
Operation time is calculated by the formula of Column2*(Column 4 + Column 6). 
 For example, Part number 26; Column 2 (Number of operation) is 1, Column 4 
(Manual handling time) is 1.95 and Column 6 (Manual insertion time) is 2,5. 
Therefore, Operation time will be 1*(1.95+2.5)=4.45 seconds. 
Column 8 – The total operation cost is calculated by multiplying column 7 with 0.4.  
Operation time is calculated by the formula of 0.4*(Column7). 
For example, Part number 26; Column 7 (Operation time) is 4.45. Therefore, 
Operation cost will be 0.4*(4,45)=1,78 seconds. 
Column 9 - Figures for estimation of theoretical minimum parts with answering the 
three questions which is mentioned above for analyzing and reduced.  
This column is one of the important columns to determine design efficiency 
numbers. 15 parts of Part 17 of the 1
st
 mock-up is answered according to three 
questions. Any of the three questions is got answer as “yes”, that part is written as 1 
in column 9. However, as can be seen in Table 3.2, some of the lines of column 9 are 
highlighted. These highlighted lines show that there will be a change in the number 
30 
from 0 to 1 or from 1 to 0, which helps to create the design efficiency range in the 
step 4 of Calculation of design efficiency. 
3.1.4 Step 4 – Calculate the design efficiency 
Design efficiency is calculated by; 
EM = 3×NM/TM  [1] 
Where TM is total manual assembly time, NM is number of parts which are 1 in 
column 9, and Em is the manual design efficiency. 
EM = 3*18/210.15 = 0,26 
As can be seen in Table 3.1, the design efficiency is calculates as 0,26 with sub-
assembly part number 17, which has a design efficiency as 0.27 in Table 3.2. 
Column 9 shows that which parts are ready for redesigning and reducing part counts 
with number „0‟. According to this design efficiency calculation, it can be clearly 
seen that it is open to redesign with comparing ideal product that has design 
efficiency number as 1.  
Because of the highlighted (not sure) data; Design range is calculated: 
Design range is 1
st
 Mock-up is determined in two ways:  
 All the highlighted lines of column 9, from Table 3.1 and 3.2, will be 1, so design 
efficiency will be 0,36. 
 All the highlighted lines of column 9, from Table 3.1 and 3.2, will be 0, so design 
efficiency will be 0,20. 
Design range is calculated as          
     
. 
3.1.5 Conclusion from 1
st
 mock-up DFA analyze 
1
st
 mock-up is 24 parts from Table 3.1 and 15 parts from Table 3.2, 39 parts. One 
part is sub-assembly, is part 17, is analyzed in different Worksheet for design 
efficiency. For Strong Hand Project, 1
st
 mock-up was a first step way before the 2
nd
 
mock-up. 1
st
 mock-up‟s design efficiency was          
     
 . If DFA was applied to 
design concept, design efficiency increased a lot by the help of redesign. It is clear 
that Strong Hand Project is developing with 2
nd
 mock-up that is really different from 
1
st
 mock-up with both in design and material.  
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3.2 Analyzing Strong Hand with DFM Methodology 
Design for Manufacture (DFM) analyze of Strong Hand 1
st
 mock-up can be seen in 
Table 3.3. DFM methodology starts with selection of materials and processes and 
early cost estimates of the design concept. For the 1
st
 mock up, it is completed in 
summer, 2011 by IPU and INVENCON, so selection of materials was obvious and 
cost estimation based on new calculation of selected products and manufacturing 
process.   
In Table 3.3, four kind of different materials can be seen: aluminum, steel, brass and 
plastic. Standard parts estimated from fixed prize like springs from 2DKK, and 
skives, rivets, screws from 0.2DKK. Other parts like Part001, the material is 
aluminum and process is machining. The material prize is calculated by fixed 
aluminum material prize 100 DKK per Kg. The process prize is also calculated from 
fixed process prize for machining is 500DKK per Kg. Fixed labor cost is also added 
to process prize based on process and weight of the material. [5] 
Material and process prizes are: 
 Aluminum is 100 DKK per kg 
 Steel is 50 DKK per kg 
 Brass is 200 DKK per kg    
 Machining is 500 DKK Per kg 
 Sheet metal buck is 100 DKK per kg 
 Laser is 250 DKK per kg  [5] 
Table 3.3 : Design for Manufacture (DFM) analyze of Strong Hand 1
st
 mock-up. 
STRONG HAND 1ST MOCK-UP 
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1 PART 0001 - HEADBAND 1 24 ALU MACHINING 2,4 36 38,4 
2 PART 0006 - TOMMEL 1 46 ALU MACHINING 4,6 69 73,6 
32 
3 PART 0005 - FINGER 1 53 ALU MACHINING 5,3 79,5 84,8 
4 PART 0004 – ARM 1 15 ALU MACHINING 1,5 22,5 24 
5 PART 0008 - SPRING 1   STEEL STD. 0 2 2 
6 PART 0009 - SHACKLE 1 14 ALU BUCK 1,4 4,2 5,6 
7 PART 0010 - HANGER 1 53 ALU BUCK 5,3 15,9 21,2 
8 PART 0011 - TANDSKIVE  1 22 BRASS MACHINING 4,4 33 37,4 
9 PART 00012 - BLIK 2 6 STEEL LASER 0,3 4,5 9,6 
10 PART 0014 - SKIVE 1   PLASTIC STD. 0 0,2 0,2 
11 PART 0016 - HEADBAND 1 1 STEEL BUCK 0,05 0,3 0,35 
12 PART 0019 - SKIVE 1   STEEL STD. 0 0,2 0,2 
13 PART 0029 - SECURITY 1 4 BRASS MACHINING 0,8 6 6,8 
14 PART 0034 - SHAFT 1 5 BRASS MACHINING 1 7,5 8,5 
15 PART 0032 - SECURITY 1 1 ALU BUCK 0,1 0,3 0,4 
16 PART 0017 - SKIVE 2   PLASTIC STD. 0 0,2 0,4 
17 TREAK MEK 
SUB-
ASS 
          0 
18 PART 0037 - RIVET- SCREW 1   STEEL STD. 0 0,2 0,2 
19 PART 0020 - RIVET 1     STD. 0 0,2 0,2 
20 PART 0035 1 1 BRASS MACHINING 0,2 1,5 1,7 
21 PART 0038 - SKIVE 1   PLASTIC STD. 0 0,2 0,2 
22 PART 0036 - SCREW 1   STEEL STD. 0 0,2 0,2 
23 PART 0018 - TANDSKIVE 1 20 STEEL LASER 1 15 16 
24 SKUM 1   
FOAM/PL
ASTIC 
  0 10 10 
25 PART 0021 - COVER 1 2 ALU LASER 0,2 1,5 1,7 
COST OF 24 PARTS TOTAL COST 1 (DKK) 343 
STRONG HAND 1ST MOCK-UP STEP FILE - TREAK MEK 
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26 PART 0030 - BACKBOARD 1 50 ALU MACHINING 5 75 80 
27 
PART 0047 - MOTOR 
HOLDER 
1 15 ALU MACHINING 1,5 22,5 24 
28 PART 0022 - LARGE COG 1   BRASS STD.   100 100 
29 PART 0046 - MOTOR GEAR 1     STD.   783 783 
30 PART 0041 - BEARING  2     STD.   3 6 
31 PART 0028 - WORM 1   STEEL STD.   50 50 
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PART 0048 - BEARING 
HOLDER 
1 10 ALU MACHINING 1 15 16 
33 PART 0023 - SMALL COG  1   STEEL STD.   75 75 
34 PART 00043 - BUSH 2     MACHINING   3 6 
35 PART 00042 - BUSH 2     MACHINING   3 6 
36 
PART 0026 - TOOTHED 
RACK 
1   STEEL STD.   100 100 
37 
PART 0040 - STEERING 
RACK 
1 10 ALU MACHINING 1 15 16 
38 PART 0024 - SMALL COG 2   STEEL STD.   75 150 
39 PART 0025 – ARM 1 2 ALU LASER 0,2 1,5 1,7 
40 
PART 0044 - BEARING 
HOLDERS 
1 20 ALU MACHINING 2 30 32 
COST OF TREAK MEKANISM TOTAL COST 2 (DKK) 1445 
  SHIELD 
1   PLASTIC CAST   30 30 
  CABLE 
1     STD.   15 15 
  SOLONOID 
2     STD.   80 160 
  ELECTRONICS 
1     SPECIAL   500 500 
  BATTERY 
1     SPECIAL   30 30 
  LEAVES 
1     SPECIAL   15 15 
  ASSEMBLY AND TEST 
1         500 500 
ASSEMBLY AND ELECTRONIC COST  TOTAL COST 3 (DKK) 1250 
STRONG HAND 1ST MOCK-UP TOTAL COST (DKK) 3040 
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3.2.1 Conclusion from 1st mock-up DFM analyze 
DFM analyze of Strong Hand 1
st
 mock-up has three different sections and total cost 
results. First section is about main parts of the 1
st
 mock-up according to the DFA 
analyze tables. Total cost of the section 1 is 343,65 DKK without Treak Mekanism 
sub-assembly part. In section 2, Treak mekanism part is analyzed with cost 
estimation and total cost is calculated as 1445,7 DKK with some expensive parts as 
motor, gear for driving mechanism. Third section is about assembly and electronic 
cost as 1250 DKK for electronics, battery and others. Total cost estimation of 1
st
 
mock-up is calculated as 3040 DKK from analyzing with these three sections.
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4. STRONG HAND 2ND MOCK-UP ANALYZE – FIRST VERSION 
(FEBRUARY, 2012) 
4.1 Analyzing Strong Hand 1st version of 2nd Mock-up with DFA Methodology 
4.1.1 Step 1 – Design details, exploded 3-D views 
Design views of 2
nd
 mock-up´s step file can be seen in the Figure 4.1 and 4.2 as a 
one-piece view. As it seems in the figures, 2
nd
 mock-up is not completely finished. 
Fasteners are missing parts for now.  
 
Figure 4.1 : Front view of first version of 2nd Mock-up step file [6]. 
 
Figure 4.2 : 3-D view of first version of 2nd Mock-up step file [6]. 
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4.1.2 Step 2 – Disassemble the design with assigning identification number 
As can be seen in the Figure 4.3, main parts of the first version of second mock up 
consist from 16 main parts. Part 5 is sub-assembly that needs to be analyzed in a 
different worksheet and has 11 parts too. 
 
Figure 4.3 : Detailed view of first version of 2nd Mock-up with identification numbers. 
4.1.3 Step 3 – Reassemble into worksheet 
If we start to fill up the worksheet from the first part is named as „Skeleton‟ and part 
number 1 as an example in Figure 4.4. 
Column 1 – The identification number of the part, the skeleton, is “1”. 
Column 2 – The operation is carried out once, hence “1” is written. 
Column 3 - The two-digit manual handling process code is generated from Chart 1 
“Manual Handling Estimated Times”. The code is “13”. Selection „1‟ is about part 
symmetry and „3‟ is also about size and thickness. Skeleton size is more than 15mm 
and thinner than 2mm.  
Column 4 – The handling time (2.05 seconds) is acquired from Chart 1 and 
corresponds to the two-digit code of “13” 
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Column 5 – The insertion process code is a two digit number extracting from Chart 2 
“Manual Insertion Estimated Time”. In the skeleton example, the part is assembled 
to a fixture.  
 
Figure 4.4 : Skeleton part with dimensions [6]. 
 
Column 6 – The insertion time „1.5 seconds‟ is obtained also from Chart 2 what 
corresponds to the code „00‟. 
Column 7 – The total operation time is calculated by adding column 4 and 6 and 
summing by column 2 which is in the skeleton (1×(2.06+1.5)) =3.56. 
Column 8 – The total operation cost is calculated by multiplying column 7 with 0.4 
which is calculated as (0.4×3.56) =1.424.  
Column 9 - Figures for estimation of theoretical minimum parts with answering the 
three questions, which is mentioned above for 1
st
 mock-up, again for analyzing and 
reduced. For the skeleton, the answer is „no‟ for three question and column 9 is “0”. 
Strong Hand 2
nd
 Mock-up‟s worksheet is started with Table 4.1 as version 1 
according to Figure 4.3. 
In Table 4.1, columns are determined from;  
Column 1 – The identification numbers of the parts, in Table 4.1, 16 different parts 
are counted and identified.  
Column 2 – How many times the operation carried out, 12 parts operation is carried 
out once and these columns are 1, there are part number with 8, and 16 which are 
carried out two times. Also, part 9 is carried out 3 times and Part 5 is sub-assembled.  
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Table 4.1 : Worksheet for Strong Hand first version of 2nd Mock-up 
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STRONG HAND 1
ST
 VERSION 
OF 2
ND
 MOCK-UP STEP FILE  
1 1 13 2,06 00 1,5 3,56 1,424 0 
SKELETON 
2 1 30 1,95 06 6,5 8,45 3,38 0 
ARM BOX 
3 1 83 5,6 06 6,5 12,1 4,84 1 
PCB ASSEMBLY 
4 1 30 1,95 06 5,5 7,45 2,98 0 
BOX LID 
5 
subassem
bly 
        137,22 54,888 13 
DSH 001 
6 1 30 1,95 00 1,5 3,45 1,38 1 
DRIVE HOLDER 
7 1 03 1,69 01 2,5 4,19 1,676 1 
DRIVE WIRE 
8 2 11 1,8 02 2,5 8,6 3,44 1 
TRISSE(1-2) 
9 3 13 2,06 00 1,5 10,68 4,272 1 
DISC SPRING(sub-assembly) 
10 1 30 1,95 06 5,5 7,45 2,98 1 
KARDAN 
11 1 30 1,95 02 2,5 4,45 1,78 1 
LILLE TAND 
12 1 30 1,95 06 5,5 7,45 2,98 1 
FINGER ARM 
13 1 30 1,95 02 2,5 4,45 1,78 1 
TOMMEL GRIB 
14 1 30 1,95 02 2,5 4,45 1,78 1 
PEGEGRIB 
15 1 05 1,84 00 1,5 3,34 1,336 1 
SPRING 
16 2 10 1,5 30 2 7 2,8 0 
IGLIDUR 
  
234,29 93,716 22 
0,28 
TM CM TM 
DESIGN EFFICIENCY = 
3×NM/TM 
 
Column 3 - The two-digit manual handling process code is generated from Chart 1 
“Manual Handling Estimated Times”. In the Chart 1, there are manual handling types 
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as one hand, one hand with grasping aids, two hands for manipulation and two hand 
required for large size. 15 parts of the first version of the 2
nd
 mock up handling is in 
the one hand classification for 14 parts and one part for two hands for manipulation. 
After applying one hand handling, next step is to determine the part geometry with α 
and β angle for part symmetry as from the figure Examples of Part Symmetry in the 
appendix.  
For column 3, handling code is two digits and first digit will be selection from the 
total value of α+β.  
First digits of the column 3,  
 Written as 3, α+β is equal to 720, part number 2, 4, 6, 10, 11, 12, 13, and 14. 
(Generally main parts)  
 Written as 1, α+β is higher than 360 and lower than 540, part number 1, 8, 9, 
and 16. (Generally two axis symmetric parts) 
 Written as 0, α+β is lower than 360, part number 7 and 15. (Generally two 
axis symmetric and end to end inserted parts like springs, washers, and 
standard parts) 
 Written as 8, needs two hands for manipulation, part number 3. ( PCB 
Assembly)  
Second digit comes from the thickness and size of the part, which can be shown from 
the Figure 11.1 as illustration of size and thickness. As can be seen from the figure 
two, there are two parts for determining the digit. It is about the easy grasp and 
manipulate and handling difficulties with the conditions of explained above.  
Second digits of the column 3,  
 Written as 0, easy to grasp with thickness is higher than 2mm and size is 
more than 15mm, part number 2, 4, 6, 10, 11, 12, 13, 14 and 16.  
 Written as 1, easy to grasp with thickness is higher than 2mm and size is 
between 6mm and 15mm, part number 8. 
 Written as 3, easy to grasp with thickness is lower than 2mm and size is more 
than 6mm, part number 1, 3, 7, and 9.  
 Written as 5, handling difficulties with thickness is higher than 2mm and size 
is more than 15mm, part number 15 (spring).  
So, part 1‟s manual handling code is “13”. The other parts handling code can be seen 
in Table 4.1 – Column 3. 
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Column 4 – The handling time is acquired from Chart 1 and corresponds to the two-
digit code of manual handling.  
After identifying 15 parts manual handling code, handling time is the correspondence 
of two digits of manual handling code in Chart 1. For example, part 1‟s handling 
code is 13, so 1 and 3 corresponds from the chart 1 is 2,06. 2,06 seconds will be the 
handling time. The rest of 14 part‟s handling time is determined by the help of the 
handling code and chart 1 from Table 4.1.   
Column 5 – The insertion process code is a two digit number extracting from Chart 
2 “Manual Insertion Estimated Time”.  
According to the Chart 2, manual insertion codes of first version of the 2
nd
 mock up 
parts are with the conditions of explained above: 
 Written as 00, Part added but not secured with easy reaching; No holding 
down after assembly and Easy to align with no resistance to insertion, part 
number 1, 6, 9 and 15.  
 Written as 01, Part added but not secured with easy reaching; No holding 
down after assembly and Easy to align with resistance to insertion, part 
number 7. 
 Written as 02, Part added but not secured with easy reaching; No holding 
down after assembly and Not Easy to align with no resistance to insertion, 
part number 8, 11, 13, and 14.  
 Written as 06, Part added but not secured with easy reaching; require holding 
down after assembly and Easy to align with no resistance to insertion, part 
number 2, 3, 4, 10, and 12.  
 Written as 30, Part secured immediately with easy reaching; require holding 
down after assembly and Easy to align with no resistance to insertion, part 
number 16.  
Column 6 – The insertion time is obtained also from Chart 2 what corresponds to the 
two digit manual insertion code. 
After identifying 15 parts manual insertion code, insertion time is the correspondence 
of two digits of manual insertion code from Chart 2. For example, part 1‟s handling 
code is 00, so 0 and 0 corresponds from the chart-2 is 1,5. 1,5 seconds will be the 
insertion time. The rest of 14 parts‟ insertion time is determined by the help of the 
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two digit handling code and Chart-2 and they could be seen from Table 4.1, column 
6. 
Column 7 – The total operation time is calculated by adding column 4 and 6 and 
summing by column 2.  
Operation time is calculated by the formula of Column2*(Column 4 + Column 6). 
 For example, Part number 1; Column 2 (Number of operation) is 1, Column 4 
(Manual handling time) is 2.06 and Column 6 (Manual insertion time) is 1.5. 
Therefore, Operation time will be 1*(2.06+1.5) =3.56 seconds. 
Column 8 – The total operation cost is calculated by multiplying column 7 with 0.4.  
Operation time is calculated by the formula of 0.4*(Column7). 
For example, Part number 1; Column 7 (Operation time) is 3.56. Therefore, 
Operation cost will be 0.4*(3.56) = 1.424 seconds. 
Column 9 - Figures for estimation of theoretical minimum parts with answering the 
three questions which is mentioned above again for analyzing and reduced.  
15 parts of first version of the 2
nd
 mock-up is answered according to three questions. 
Any of the three questions is got answer as “yes”, that part is written as 1 in column 
9. Design efficiency range is also calculated for first version of 2
nd
 mock-up in the 
step 4 of Calculation of design efficiency. 
4.1.4 Step 4 – Calculate the design efficiency 
Design efficiency is calculated as; 
EM = 3*24/234,29 = 0,31 
As can be seen in Table 9, the design efficiency is calculates as 0,31 with part 5 sub 
assembled which has a design efficiency as 0,28. Part 5 is the same in the 1
st
 and 2
nd
 
Mock-up, so Part 5 (DSH 001)‟s DFA analyze can be seen under the title of 2nd 
version of 2
nd
 Mock-up DFA Analyze.  
 Column 9 shows which parts are ready for redesigning and reducing part counts 
with number „0‟.  
Because of the highlighted (not sure) data; Design range is calculated: 
Design range is first version of 2
nd
 Mock-up is determined in two ways:  
 All the highlighted lines of column 9, from Table 4.1, will be 1, so design 
efficiency will be 0,36. 
 All the highlighted lines of column 9, from Table 4.1, will be 0, so design 
efficiency will be 0,28. 
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Design range is calculated as         
     
. 
4.1.5 Conclusion from 1
st
 version of 2
nd
 mock-up DFA analyze 
1
st
 version of 2
nd
 mock-up is 15 parts that can be seen from Table 3.1 and 15 other 
parts of Part 5, sub assembled.  
For Strong Hand Project, 1
st
 version of 2
nd
 mock-up is a step before the 2
nd
 version. 
1
st
 version‟s design efficiency is         
     
 which contains Part 5‟s, which is Part 7 of 
2
nd
 version of the 2
nd
 Mock-up, design efficiency too.  
4.2 Analyzing Strong Hand 1st version of 2nd Mock-up with DFM 
Methodology 
Design for Manufacture (DFM) analyze of first version of Strong Hand 2
nd
 mock-up 
can be seen in Table 4.2. DFM methodology is about the selection of materials and 
processes and early cost estimates of the design concept. For the 2
nd
 mock up, first 
mock-up is a step before second version of ongoing project so selection of materials 
and manufacturing processes are early estimates for cost estimation of 2
nd
 mock-up. 
In Table 3.2, available materials are aluminum, AW6062, steel, plastic and PA6.6-
GF30. Standard parts estimated from fixed prize as can be seen.   
Material and process prizes are: 
 Aluminum alloy is 100 DKK per kg 
 PA6.6-GF30 (Plastic) is 50 DKK per kg    
 Machining is 500 DKK Per kg 
 Sheet metal buck is 100 DKK per kg 
 Plastic Injection is 500 DKK per kg [5] 
4.2.1 Conclusion from 1
st
 version of 2
nd
 mock-up DFM analyze 
DFM analyze of Strong Hand 1
st
 version of 2
nd
 mock-up has two different sections 
and total cost results. First section is about main parts of the 1
st
 version 2
nd
 mock-up 
according to the DFA analyze tables. 
 Total cost of the section 1 is 1115 DKK with Part 7 sub-assembly part. Part 7‟s 
DFM analyze is the same with the 2
nd
 version. Part 7 is analyzed with cost estimation 
and total cost is calculated as 170 DKK.  
In section 2, test and assembly cost is added to total cost but there is no estimation 
about battery or electronics and other cost. 
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Table 4.2 : Design for Manufacture (DFM) analyze of first version of Strong Hand 2
nd
 mock-up 
STRONG HAND 1
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 VERSION 2
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 MOCK-UP 
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1 SKELETON 1 40       50 50 
2 ARM BOX 1 133 PA6.6-GF30 PLAST. INJ 6,65 133 139,65 
3 PCB ASSEMBLY 1         500 500 
4 BOX LID 1 26 ALU MACHINING 2,6 39 41,6 
5 DSH 001 SubAss           
169,02
4 
6 DRIVE HOLDER 1 5,4 PA6.6-GF30 PLAST. INJ 0,27 8,1 8,37 
7 DRIVE WIRE 1 1,2       2 2 
8 TRISSE(1-2) 2 3 POM PLAST. INJ 0,15 4,5 9,3 
9 DISC SPRING 3 1       3 9 
10 KARDAN 1 4         0 
11 LILLE TAND 1 10 ALU MACHINING 1 15 16 
12 FINGER ARM 1 53 PA6.6-GF30 PLAST. INJ 5,3 79,5 84,8 
13 TOMMEL GRIB 1 12 PA6.6-GF30 PLAST. INJ 1,2 18 19,2 
14 PEGEGRIB 1 40 PA6.6-GF31 PLAST. INJ 2 60 62 
15 SPRING 1         2 2 
16 IGLIDUR 2         1 2 
COST OF 17 PARTS TOTAL COST 1 (DKK) 1114 
COST OF TEST AND ASSEMBLY TOTAL COST 2 (DKK) 500 
TOTAL COST STRONG HAND 1ST VERSION OF 
2ND MOCK-UP 
TOTAL COST 1614 
 
Total cost estimation of 1
st
 version of 2
nd
 mock-up is calculated as 1615 DKK with 
analyzing with these two sections.  
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5. STRONG HAND 2ND MOCK-UP ANALYZE – SECOND VERSION 
(MARCH, 2012) 
5.1 Analyzing Strong Hand 2nd Mock-up with DFA Methodology 
5.1.1 Step 1 – Design details, exploded 3-d views 
Partially exploded 3-D views of second version of 2
nd
 mock-up are shown in the 
Figure 5.1. Main difference between first and second version of the mock-up is parts 
count.  
 
Figure 5.1 :  3-D view of second version of 2nd Mock-up step file 3-D view [7]. 
 
Figure 5.2 : Another 3-D view of second version with surface covering and different button options 
[7]. 
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First version was not a finished version so it has like nearly 30 parts, but second 
version contains 45 parts with still some standard fastening parts missing. 
5.1.2 Step 2 – Disassemble the design with assigning identification number 
 
Figure 5.3 : Exploded view of second version of 2nd Mock-up with identification numbers. 
 
Figure 5.4 : Exploded view of Part 7 as sub-assembly with identification numbers 
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After analyzing first version with 16 parts and one sub assembly part. Second version 
of 2
nd
 mock-up improved  which can be seen clearly in the Figure 5.3 and 5.4. In 
figure 16, 26 different parts are determined and counted for DFA analysis with one 
sub assembly part, named part 7, is gathered with 19 parts. Therefore, second version 
is assembled as 45 parts and will be  calculated design efficiency through these 45 
parts.    
5.1.3 Step 3 – Reassemble into worksheet  
Strong Hand second version of the 2
nd
 Mock-up‟s worksheet is started with Table 4.1 
according to Figure 5.3 and 5.4. 
Table 5.1 : Worksheet for Strong Hand Second version of 2nd Mock-up. 
1 2 3 4 5 6 7 8 9 NAME OF ASSEMBLY  
P
ar
t 
I.
D
. 
N
O
. 
N
u
m
b
er
 o
f 
ti
m
es
 t
h
e 
o
p
er
at
io
n
 i
s 
ca
rr
ie
d
 
o
u
t 
co
n
se
cu
ti
v
el
y
 
T
w
o
-d
ig
it
 m
an
u
al
 h
an
d
li
n
g
 c
o
d
e
 
M
an
u
al
 h
an
d
li
n
g
 t
im
e 
p
er
 p
ar
t 
T
w
o
-d
ig
it
 m
an
u
al
 i
n
se
rt
io
n
 c
o
d
e
 
 M
an
u
al
 i
n
se
rt
io
n
 t
im
e 
p
er
 p
ar
t 
O
p
er
at
io
n
 t
im
e,
se
co
n
d
s 
(2
)×
[(
4
)+
(6
)]
 
O
p
er
at
io
n
 c
o
st
,c
en
ts
 0
.4
×
(7
) 
F
ig
u
re
s 
fo
r 
es
ti
m
at
io
n
 o
f 
th
eo
re
ti
ca
l 
m
in
im
u
m
 p
ar
ts
 
STRONG HAND 2
ND
 VERSION 
OF 2
ND
 MOCK-UP STEP FILE  
1 2 00 1,13 00 1,5 5,26 2,1 1 
BUTTON ASSEMBLY 
2 1 35 2,73 06 5,5 8,23 3 1 
MOCK UP SKELETON 
3 1 30 1,95 06 5,5 7,45 2,98 0 
ARM BOX 
4 1 13 2,06 01 2,5 4,56 1 1 
PCB FIXTURE 
5 1 83 5,6 06 5,5 11,1 4,44 1 
PCB ASSEMBLY 
6 1 30 1,95 06 5,5 7,45 2,98 0 
BOX LID 
7 
Sub-
Ass 
.. .. .. .. 139 55 13 
DSH001 
8 1 20 1,8 02 2,5 4,3 1,72 1 
DRIVE HOLDER2 
9 1 13 2,06 02 2,5 4,56 1,8 1 
RING DAMPER 
10 1 13 2,06 00 1,5 3,56 1,4 1 
SAFETY BUTTON 
11 1 21 2,1 02 2,5 4,6 1,84 1 
MOTOR ROATATION BLOCK 
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12 1 30 1,95 00 1,5 3,45 1,38 1 
DRIVE HOLDER 
13 1 03 1,69 01 2,5 4,19 1,6 1 
DRIVE WIRE 
14 1 30 1,95 06 5,5 7,45 2,9 0 
FINGER ARM 
15 1 30 1,95 06 5,5 7,45 2,9 1 
KARDAN 
16 1 13 2,06 02 2,5 4,56 1,8 1 
MOTOR END WASHER 
17 3 13 2,06 00 1,5 10,68 4,2 1 
DISC SPRING(sub-assembly) 
18 2 11 1,8 02 2,5 8,6 3,4 1 
TRISSE(1-2) 
19 1 30 1,95 02 2,5 4,45 1,7 1 
LILLE TAND 
20 1 30 1,95 02 2,5 4,45 1,7 1 
TOMMEL TAND 
21 2 03 1,69 01 2,5 8,38 3,352 0 
SKIVE-07 
22 1 05 1,84 00 1,5 3,34 1,336 1 
SPRING 
23 6 10 1,5 30 2 21 8,4 0 
IGLIDUR 
24 1 03 1,69 00 1,5 3,19 1,276 0 
SPRING CYLINDER 
25 1 20 1,8 02 2,5 4,3 1,72 1 
TOMMEL GRIB 
26 1 30 1,95 02 2,5 4,45 1,78 1 
PEGE GRIB 
  
300,9 120,3 32 
0,32 
TM CM TM 
DESIGN EFFICIENCY = 
3×NM/TM 
In Table 5.1, columns are determined from;  
Column 1 – The identification numbers of the parts, in table 5.1, 26 different parts 
are counted and identified.  
Column 2 – How many times the operation carried out, 20 parts operation is carried 
out once and these columns are 1. There are other parts that carried out 2, 3, 6 times 
and one sub-assembled part as Part 7. 
Column 3 - The two-digit manual handling process code is generated from Chart 1 
“Manual Handling Estimated Times”. In the Chart 1, there are manual handling types 
as one hand, one hand with grasping aids, two hands for manipulation and two hand 
required for large size. 25 parts of the first version of the 2
nd
 mock up is separated as 
handling in the one hand classification for 14 parts and two hands for manipulation 
for 1 part. Next step is to determine the part geometry with α and β angle for part 
symmetry as from the figure Examples of Part Symmetry in the appendix.  
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For column 3, handling code is two digits and first digit will be selection from the 
total value of α+β.  
First digits of the column 3,  
 Written as 3, α+β is equal to 720, part number 2, 3, 6, 12, 14, 15, 19, 20, and 
26. (Generally main parts)  
 Written as 2, α+β is higher than 540 and lower than 720, part number 8, 25. 
(Generally one axis symmetric parts) 
 Written as 1, α+β is higher than 360 and lower than 540, part number 4, 9, 10, 
16, 17, 18, and 23. (Generally two axis symmetric parts) 
 Written as 0, α+β is lower than 360, part number 1, 13, 21, 22 and 24. 
(Generally two axis symmetric and end to end inserted parts like springs, 
washers, and standard parts) 
 Written as 8, needs two hands for manipulation, part number 5. (PCB 
Assembly)  
Second digit comes from the thickness and size of the part, which can be shown from 
the Figure as illustration of size and thickness. As can be seen from the Figure , there 
are two ways for determining the digit. It is about the easy grasp and manipulate and 
handling difficulties with the conditions of explained above.  
Second digits of the column 3,  
 Written as 0, easy to grasp with thickness is higher than 2mm and size is 
more than 15mm, part number 1, 3, 6, 8, 12, 14, 15, 19, 20, 23, 25, 26.  
 Written as 1, easy to grasp with thickness is higher than 2mm and size is 
between 6mm and 15mm, part number 11, 18. 
 Written as 3, easy to grasp with thickness is lower than 2mm and size is more 
than 6mm, part number 4, 5, 9, 10, 13, 16, 17, 21, 24.  
 Written as 5, handling difficulties with thickness is higher than 2mm and size 
is more than 15mm, part number 2, 22.  
So, part 1‟s manual handling code is “00”. The other parts handling code can be seen 
in Table 5.1– Column 3. 
Column 4 – The handling time is acquired from Chart 1 and corresponds to the two-
digit code of manual handling.  
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After identifying 26 parts manual handling code, handling time is the correspondence 
of two digits of manual handling code in Chart 1. For example, part 1‟s handling 
code is 00, so 0 and 0 corresponds from the chart 1 is 1,13. 1,13 seconds will be the 
handling time. The rest of 24 part‟s handling time is determined by the help of the 
handling code and chart 1 from Table 5.1.   
Column 5 – The insertion process code is a two digit number extracting from Chart 
2 “Manual Insertion Estimated Time”. 
According to the Chart 2, manual insertion codes of 2
nd
 version of the 2
st
 mock up 
parts are with the conditions of explained above: 
 Written as 00, Part added but not secured with easy reaching; No holding 
down after assembly and Easy to align with no resistance to insertion, part 
number 1, 10, 12, 17, 22, 24.  
 Written as 01, Part added but not secured with easy reaching; No holding 
down after assembly and Easy to align with resistance to insertion, part 
number 4, 13, 21. 
 Written as 02, Part added but not secured with easy reaching; No holding 
down after assembly and Not Easy to align with no resistance to insertion, 
part number 8, 9, 11, 16, 18, 19, 20, 25, 26.  
 Written as 06, Part added but not secured with easy reaching; require holding 
down after assembly and Easy to align with no resistance to insertion, part 
number 2, 3, 5, 6, 14, 15.  
 Written as 30, Part secured immediately with easy reaching; require holding 
down after assembly and Easy to align with no resistance to insertion, part 
number 23.  
Column 6 – The insertion time is obtained also from Chart 2 what corresponds to the 
two digit manual insertion code. 
After analyzing 25 parts for manual insertion code, insertion time is the 
correspondence of two digits of manual insertion code from Chart 2. For example, 
part 1‟s handling code is 00, so 0 and 0 corresponds from the Chart 2 is 1,5. 1,5 
seconds will be the insertion time. The rest of 24 parts‟ insertion time is determined 
by the help of the two digit handling code and Chart-2 and they could be seen from 
Table 10, column 6. 
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Column 7 – The total operation time is calculated by adding column 4 and 6 and 
summing by column 2.  
Operation time is calculated by the formula of Column2*(Column 4 + Column 6). 
 For example, Part number 1; Column 2 (Number of operation) is 2, Column 4 
(Manual handling time) is 1.13 and Column 6 (Manual insertion time) is 1.5. 
Therefore, Operation time will be 2*(1.13+1.5) =5.26 seconds. 
Column 8 – The total operation cost is calculated by multiplying column 7 with 0.4.  
Operation time is calculated by the formula of 0.4*(Column7). 
For example, Part number 1; Column 7 (Operation time) is 3.56. Therefore, 
Operation cost will be 0.4*(5.26) = 2.104 seconds. 
Column 9 - Figures for estimation of theoretical minimum parts with answering the 
three questions which is mentioned above again for analyzing and reduced.  
25 parts of 2
nd
 version of the 2
nd
 mock-up is answered by three questions. Any of the 
three questions is got answer as “YES”, that part is written as 1 in column 9, in Table 
10.  
According to the Figure 5.3, and 5.4, there is one sub-assembled part, named Part 7 
(DSH001). In table 11, Worksheet for Strong Hand Second version of 2nd Mock-up -
Part 7 Sub-assembly can be seen according to DFA method.    
In Table 4.2, columns are determined from;  
Column 1 – The identification numbers of the parts, in table 5.2, 19 different parts 
are counted and identified.  
Column 2 – How many times the operation carried out, 14 parts operation is carried 
out once and these columns are 1. There are other parts that carried out 2, 3times. 
Column 3 - The two-digit manual handling process code is generated from Chart 1 
“Manual Handling Estimated Times”. In the Chart 1, there are manual handling types 
as one hand, one hand with grasping aids, two hands for manipulation and two hand 
required for large size. 19 parts of Part 7 of the second version of the 2
nd
 mock up is 
from handling in the one hand classification. Next step is to determine the part 
geometry with α and β angle for part symmetry as from the figure Examples of Part 
Symmetry in the appendix.  
For column 3, handling code is two digits and first digit will be selection from the 
total value of α+β.  
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Table 5.2 : Worksheet for Strong Hand Second version of 2nd Mock-up -Part 7 Sub-assembly. 
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STRONG HAND DSH001  
SUB-ASSEMBLY 
27 1 34 3 01 2,5 5,5 2,2 1 
266521 
28 1 30 1,95 00 1,5 3,45 1,38 1 
266531 
29 1 03 1,69 00 1,5 3,19 1,276 1 
266521 
30 3 03 1,69 00 1,5 9,57 3,828 0 
266521-3 
31 1 10 1,5 02 2,5 4 1,6 1 
118185 
32 1 31 1,95 02 2,5 4,45 1,78 1 
DSH BRACELET 
33 1 03 1,69 39 8 9,69 3,876 0 
SV-125-NUT 
34 2 11 1,8 39 8 19,6 7,84 0 
SCREW-ISO 7045 
35 1 30 1,95 02 2,5 4,45 1,78 1 
DSH HOUSING 
36 1 33 2,51 06 5,5 8,01 3,204 1 
DSH QUICK RELEASE 
37 1 03 1,69 39 8 9,69 3,876 0 
SV-11-NUT 
38 2 10 1,5 00 1,5 6 2,4 1 
DSH CORD TENSION 1 
39 1 30 1,95 06 5,5 7,45 2,98 1 
DSH SPINDLE 
40 2 30 1,95 00 1,5 6,9 2,76 1 
DSH CORD TENSION 2 
41 1 31 2,25 06 5,5 7,75 3,1 1 
DSH COIL 
42 2 10 1,5 00 1,5 6 2,4 0 
STIFT ISO 2338 
43 1 33 2,51 06 5,5 8,01 3,204 1 
DSH RACK 
44 1 33 2,51 06 5,5 8,01 3,204 1 
DSH COIL BRACELET 
45 1 32 2,7 06 5,5 8,2 3,28 0 
619 - BEARING (sub-ass) 
  
139,92 55,968 13 
0,28 
TM CM TM 
DESIGN EFFICIENCY = 
3×NM/TM 
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First digits of the column 3,  
 Written as 3, α+β is equal to 720, part number 27, 28, 32, 35, 36, 39, 40, 41, 
43, 44. (Generally main parts)  
 Written as 1, α+β is higher than 360 and lower than 540, part number 31, 34, 
38, 42. (Generally two axis symmetric parts) 
 Written as 0, α+β is lower than 360, part number 29, 30, 33, 37. (Generally 
two axis symmetric and end to end inserted parts like springs, washers, and 
standard parts) 
Second digit comes from the thickness and size of the part, which can be shown from 
the Figure 11.1 as illustration of size and thickness. As can be seen from the figure 
11.1 , there are two ways for determining the digit. It is about the easy grasp and 
manipulate and handling difficulties with the conditions of explained above.  
Second digits of the column 3,  
 Written as 0, easy to grasp with thickness is higher than 2mm and size is 
more than 15mm, part number 28, 31, 35, 38, 39, 40, 42.  
 Written as 1, easy to grasp with thickness is higher than 2mm and size is 
between 6mm and 15mm, part number 32, 34, 41. 
 Written as 3, easy to grasp with thickness is lower than 2mm and size is more 
than 6mm, part number 29, 30, 33, 36, 37, 43, 44. 
 Written as 4, easy to grasp with thickness is lower than 2mm and size is less 
than 6mm, part number 27. 
So, part 1‟s manual handling code is “34”. The other parts handling code can be seen 
in Table 5.1 – Column 3. 
Column 4 – The handling time is acquired from Chart 1 and corresponds to the two-
digit code of manual handling.  
After identifying 26 parts manual handling code, handling time is the correspondence 
of two digits of manual handling code in Chart 1. For example, part 1‟s handling 
code is 34, so 3 and 4 corresponds from the chart 1 is 3. 3 seconds will be the 
handling time. The rest of 18 parts‟ handling time is determined by the help of the 
handling code and chart 1 from Table 5.2.   
Column 5 – The insertion process code is a two digit number extracting from Chart 
2 “Manual Insertion Estimated Time” .  
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According to the Chart 2, manual insertion codes of Part 7 of the second version of 
the 2
nd
 mock up parts are with the conditions of explained above: 
 Written as 00, Part added but not secured with easy reaching; No holding 
down after assembly and Easy to align with no resistance to insertion, part 
number 28, 29, 30, 38, 40, 42.  
 Written as 01, Part added but not secured with easy reaching; No holding 
down after assembly and Easy to align with resistance to insertion, part 
number 27. 
 Written as 02, Part added but not secured with easy reaching; No holding 
down after assembly and Not Easy to align with no resistance to insertion, 
part number 31, 32, 35.  
 Written as 06, Part added but not secured with easy reaching; require holding 
down after assembly and Easy to align with no resistance to insertion, part 
number 36, 39, 41, 43, 44, 45. 
 Written as 39, Part secured immediately with easy reaching; Screw tightening 
and Not Easy to align with no resistance to insertion, part number 33, 34, 37.  
Column 6 – The insertion time is obtained also from Chart 2 what corresponds to the 
two digit manual insertion code. 
After analyzing 19 parts for manual insertion code, insertion time is the 
correspondence of two digits of manual insertion code from Chart 2. For example, 
part 1‟s handling code is 01, so 0 and 1 corresponds from the Chart 2 is 2.5. 2,5 
seconds will be the insertion time. The rest of 18 parts‟ insertion time is determined 
by the help of the two digit handling code and Chart-2 and they could be seen from 
Table 11, column 6. 
Column 7 – The total operation time is calculated by adding column 4 and 6 and 
summing by column 2.  
Operation time is calculated by the formula of Column2*(Column 4 + Column 6). 
 For example, Part number 1; Column 2 (Number of operation) is 1, Column 4 
(Manual handling time) is 3 and Column 6 (Manual insertion time) is 2.5. Therefore, 
Operation time will be 1*(3+2.5) =5.5 seconds. 
Column 8 – The total operation cost is calculated by multiplying column 7 with 0.4.  
Operation time is calculated by the formula of 0.4*(Column7). 
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For example, Part number 1; Column 7 (Operation time) is 5,5. Therefore, Operation 
cost will be 0.4*(5.5) = 2.2 seconds. 
Column 9 - Figures for estimation of theoretical minimum parts with answering the 
three questions which is mentioned above again for analyzing and reduced.  
19 parts of the Part 7 of 2
nd
 version of the 2
nd
 mock-up is answered by three 
questions. Any of the three questions is got answer as “yes”, that part is written as 1 
in column 9, in Table 5.2. However, as can be seen in Table 5.2, some of the lines of 
column 9 are highlighted. These highlighted lines show that there will be a change in 
the number from 0 to 1 or from 1 to 0, which helps to create the design efficiency 
range in the step 4 of Calculation of design efficiency. 
5.1.4 Step 4 – Calculate the design efficiency 
Design efficiency is calculated as from Table 5.1 and 5.2,  
EM = 3*32/300,93 = 0,32 
As can be seen in Table 4.1, the design efficiency is calculates as 0,32 with part 7 
(Part 5 of 1
st
 version of 2
nd
 mock-up) sub-assembled which has a design efficiency as 
0,28.  
 Column 9 shows which parts are ready for redesigning and reducing part counts 
with number „0‟.  
Because of the highlighted (not sure) data; Design range is calculated: 
Design range is second version of 2
nd
 Mock-up is determined in two ways:  
 All the highlighted lines of column 9, from Table 5.1, and 5.2, will be 1, so 
design efficiency will be 0,39. 
 All the highlighted lines of column 9, from Table 5.1 and 5.2, will be 0, so 
design efficiency will be 0,23. 
Design range is calculated as          
     
. 
5.1.5 Conclusion from 2nd version of 2
nd
 mock-up DFA analyze 
2
nd
 version of 2
nd
 mock-up is 45 parts that can be seen from Table 5.1 and 5.2. For 
Strong Hand Project, 2
nd
 version of 2
nd
 mock-up is the closest version before the 2
nd
 
mock-up. Hence, 2
nd
 version‟s design efficiency is         
     
.  
After analyzing 1
st
 mock-up and second mock-up with three DFA analyzes, 2
nd
 
version of the 2
nd
 mock-up has the highest design efficiency with          
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Consequently, DFA Analyze shows that 12 parts can be redesigned, but there will be 
a redesign range for parts because of the highlighted values (16 lines) of column 9 in 
Table 5.1 and 5.2. 
Redesign range will be; 
 All the highlighted lines of column 9 in Table 5.1 and 5.2, will be 1, so part 
count for redesigning is 5. 
 All the highlighted lines of column 9 in Table 5.1 and 5.2, will be 0, so part 
count for redesigning will be 21. 
Redesign range for parts is going to be     
  .  
5.2 Analyzing Strong Hand 2nd version of 2nd Mock-up with DFM 
Methodology 
Design for Manufacture (DFM) analyze of Second version of Strong Hand 2
nd
 mock-
up can be seen in Table 5.3. DFM methodology is about the selection of materials 
and processes and early cost estimates of the design concept. For the 2
nd
 mock up, it 
is an ongoing project so selection of materials and manufacturing processes are early 
estimates for cost estimation.   
In Table 5.3, available materials are aluminum, AW6062, steel, plastic and PA6.6-
GF30. Standard parts estimated from fixed prize as can be seen.   
Material and process prizes are: 
 Aluminum alloy is 100 DKK per kg 
 AW6062 (Al),  is 50 DKK per kg 
 PA6.6-GF30 (Plastic) is 50 DKK per kg    
 Machining is 500 DKK Per kg 
 Sheet metal buck is 100 DKK per kg 
 Plastic Injection is 500 DKK per kg [5] 
For standard parts, available materials are SLS, Polyoxymethylene  (POM), NBR 
Rubber, Steel 4248 for disc spring and spring steel.  
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Table 5.3 : Design for Manufacture (DFM) analyze of Second version of Strong Hand 2
nd
 mock-up. 
STRONG HAND 2ND VERSION 2ND MOCK-UP 
P
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1 BUTTON ASSEMBLY 2         50 100 
2 MOCK UP SKELETON 1 192 SLS     150 150 
3 ARM BOX 1 133 PA6.6-GF30 PLAST. INJ 6,65 133 139,65 
4 PCB FIXTURE 1 14 AW6062  MACHINING 1,4 21 22,4 
5 PCB ASSEMBLY 1         500 500 
6 BOX LID 1 26 ALU MACHINING 2,6 39 41,6 
7 DSH001 
Sub
-
Ass 
            
8 DRIVE HOLDER2 1 6,16 PA6.6-GF30 PLAST. INJ 0,308 9,24 9,548 
9 RING DAMPER 1 3,68 NBR RUBBER STD.   3 3 
10 SAFETY BUTTON 1   POM STD.   5 5 
11 
MOTOR ROATATION 
BLOCK 
1 10 PA6.6-GF30 PLAST. INJ 0,5 15 15,5 
12 DRIVE HOLDER 1 5,4 PA6.6-GF30 PLAST. INJ 0,27 8,1 8,37 
13 DRIVE WIRE 1 1,2       2 2 
14 FINGER ARM 1 53 PA6.6-GF30 PLAST. INJ 5,3 79,5 84,8 
15 KARDAN 1 4 AW6062  MACHINING 0,4 6 6,4 
16 
MOTOR END 
WASHER 
1 1 SS     2 2 
17 
DISC SPRING(sub-
assembly) 
3 1 4248 STD.   3 9 
18 TRISSE(1-2) 2 3 POM PLAST. INJ 0,15 4,5 9,3 
19 LILLE TAND 1 10 ALU MACHINING 1 15 16 
20 TOMMEL TAND 1 7 AW6062  MACHINING 0,7 10,5 11,2 
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21 SKIVE-07 2   PLASTIC STD.   1 2 
22 SPRING 1   STEEL STD.   2 2 
23 IGLIDUR 6   PLASTIC STD.   1 6 
24 SPRING CYLINDER 1 2 POM PLAST. INJ 0,05 3 3,05 
25 TOMMEL GRIB 1 10 PA6.6-GF30 PLAST. INJ 0,5 15 15,5 
26 PEGE GRIB 1 37 PA6.6-GF31 PLAST. INJ 1,85 55,5 57,35 
COST OF 25 PARTS TOTAL COST 1 (DKK) 1221 
STRONG HAND 2ND VERSION 2ND MOCK-UP - PART 7 
P
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27 266521 1   PLASTIC STD.   10 10 
28 266521 1 10 ALU MACHINING 1 15 16 
29 266521 1 1 ALU MACHINING 0,1 1,5 1,6 
30 266521-3 3   PLASTIC STD.   1 3 
31 118185 1 3 ALU MACHINING 0,3 4,5 4,8 
32 DSH BRACELET 1 2 ALU MACHINING 0,2 3 3,2 
33 SV-125-NUT 1   STEEL STD.   1 1 
34 SCREW-ISO 7045 2   STEEL STD.   1 2 
35 DSH HOUSING 1 16 ALU MACHINING 1,6 24 25,6 
36 DSH QUICK RELEASE 1 3 ALU BULK 0,3 4,5 4,8 
37 SV-11-NUT 1   STEEL STD.   1 1 
38 
DSH CORD TENSION 
1 
2 3,85 ALU MACHINING 0,385 5,775 12,32 
39 DSH SPINDLE 1 7,35 ALU MACHINING 0,735 11,025 11,76 
40 
DSH CORD TENSION 
2 
2 1,42 ALU MACHINING 0,142 2,13 4,544 
41 DSH COIL 1 4,15 ALU MACHINING 0,415 6,225 6,64 
42 STIFT ISO 2338 2   STEEL STD.   2 4 
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43 DSH RACK 1 8,6 ALU MACHINING 0,86 12,9 13,76 
44 DSH COIL BRACELET 1 5 
SPRING 
STEEL 
MACHINING 0,5 7,5 8 
45 
619 - BEARING (sub-
ass) 
1   STEEL STD.   35 35 
COST OF PART 7 TOTAL COST 2 (DKK) 169 
  
METHODS APPLYING 
(fillet) 
        
  
200 200 
  
BATTERY 1       
  
50 50 
  
ASSEMBLY AND TEST 1       
  
500 500 
ASSEMBLY AND ELECTRONIC COST  TOTAL COST 3 (DKK) 750 
STRONG HAND 2nd VERSION OF 2nd MOCK-UP TOTAL COST (DKK) 2141 
 
5.2.1 Conclusion from 2
nd
 version of 2
nd
 mock-up DFM analyze 
DFM analyze of Strong Hand 2
nd
 version of 2
nd
 mock-up has three different sections 
and total cost results. First section is about main parts of the 2
nd
 mock-up according 
to the DFA analyze tables. Total cost of the section 1 is 1222 DKK without Part 7 
sub-assembly part.  
In section 2, Part 7 is analyzed with cost estimation and total cost is calculated as 
170. 3
rd
 section is about assembly and other cost as 750 DKK.  
Total cost estimation of 2
nd
 version of 2
nd
 mock-up is calculated as 2141 DKK with 
analyzing with these three sections.  
Another conclusion from this total cost is that 2
nd
 mock-up is an ongoing project, so 
this cost estimation is not a final value for total cost. 
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6. CONCLUSION OF THE FIRST STAGE OF THE PROJECT – END 
DATE: 27
TH
 MARCH 
After applying DFMA approach to 1
st
 mock-up, first version and second version of 
2nd mock-ups of Strong Hand project.  
DFA Analyze results for 1
st
 and first and second versions of 2
nd
 mock-up: 
 1st mock-up‟s design efficiency is         
     
. 
 1st version of 2nd mock-up design efficiency is         
     
. 
 2nd version of the 2nd mock-up has the highest design efficiency 
with         
     
. 
DFA results show that 1
st
 mock-up is the primitive mock-up for Strong Hand project 
with 0,26 design efficiency number. When it comes to the first version of 2
nd
 mock-
up design efficiency got higher as 0,31. Also the second version of 2
nd
 mock-up has 
the highest Design Efficiency number as 0,32. Increase on Design Efficiency 
numbers demonstrate that Strong Hand Project has a good improvement from the 1
st
 
mock-up till today. 
DFM Analyze results for 1
st
 and first and second versions of 2
nd
 mock-up: 
 Total cost estimation of 1st mock-up is calculated as 3040 DKK. (without 
electronics 1540 DKK) 
 Total cost estimation of 1st version of 2nd mock-up is calculated as 1615 
DKK. 
 Total cost estimation of 2nd version of 2nd mock-up is calculated as 2141 
DKK. 
DFM results show the cost estimations of 1
st
 mock-up, first and second versions of 
2
nd
 mock-up. 1
st
 mock-up as 3040DKK seems the expensive one because of having 
battery, cables and electronic expenses that is 1500DKK for 1
st
 mock-up. But 1
st
 
mock-up is not the expensive one, it is the cheapest one. This higher prize cannot 
satisfy 1
st
 mock-up is better from the 2
nd
 mock-up. Thus for 1
st
 and 2
nd
 versions of 2
nd
 
mock-up, there is no cost estimations for battery and electronics. If Battery and 
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Electronics‟ prize will be added to 2nd mock-up, first and second versions cost 
estimations will be higher from 1
st
 mock-up. For 2
nd
 mock-up, 1
st
 version is 1615 
DKK and 2
nd
 version is 2141 DKK. 2
nd
 version is more expensive from the 1
st
 
version because of the new added and redesigned parts. 
The conclusion from DFM analyze is 1
st
 mock-up is the lowest prize with 1540DKK. 
After 1
st
 mock-up DFM Analyze is completed, a decision is agreed in IPU Meeting 
that no cost estimation for cables, battery and electronics for 2
nd
 mock-up, so First 
version of 2
nd
 mock-up is 1615 DKK, medium prize. Finally, the second version of 
2
nd
 mock-up is 2141 DKK.   
DFA Analyze results shows that 2
nd
 version of 2
nd
 mock-up has highest efficiency 
number with higher cost estimation. Next step will be redesign for a new design 
suggestion, redesign range for parts is as     
  , which shows minimum 5, and 
maximum 21 numbers of parts are ready to redesigning. 
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7. ANALYZING DFA WORKSHEETS OF 2ND MOCK-UP 
7.1 Focus on DFA Tables for increasing Design Efficiency  
7.1.1 Manual handling analyze  
DFA Tables include Assembly and design of the parts:  
1. Design and assembly changes: 
 Designing more symmetrical parts (Column 3 and 4) 
 Handling of the parts (Column 3 and 4) 
 Housing of the parts (Column 5 and 6) 
- Make changes with shape and dimensions to decrease operation time.  
Before making changes on column 3 and 4 about handling time, Table 7.1 can be 
seen with the current values of these columns for Strong Hand 2
nd
 mock-up.  
Table 7.1 : DFA Worksheet for Manual Handling Code Analyze Of Strong Hand 2
nd
 Mock-up. 
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STRONG HAND 2ND MOCK-UP 
STEP FILE  
2 1 35 2,73 8,23 3,292 1 
MOCK UP SKELETON 
3 1 30 1,95 7,45 2,98 0 
ARM BOX 
4 1 13 2,06 4,56 1,824 1 
PCB FIXTURE 
5 1 83 5,6 11,1 4,44 1 
PCB ASSEMBLY 
6 1 30 1,95 7,45 2,98 0 
BOX LID 
9 1 13 2,06 4,56 1,824 1 
RING DAMPER 
10 1 13 2,06 3,56 1,424 1 
SAFETY BUTTON 
11 1 21 2,1 4,6 1,84 1 
MOTOR ROATATION BLOCK 
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12 1 30 1,95 3,45 1,38 1 
DRIVE HOLDER 
13 1 03 1,69 4,19 1,676 1 
DRIVE WIRE 
14 1 30 1,95 7,45 2,98 0 
FINGER ARM 
15 1 30 1,95 7,45 2,98 1 
KARDAN 
16 1 13 2,06 4,56 1,824 1 
MOTOR END WASHER 
17 3 13 2,06 10,68 4,272 1 
DISC SPRING 
18 2 11 1,8 8,6 3,44 1 
TRISSE(1-2) 
19 1 30 1,95 4,45 1,78 1 
LILLE TAND 
20 1 30 1,95 4,45 1,78 1 
TOMMEL TAND 
24 1 03 1,69 3,19 1,276 0 
SPRING CYLINDER 
25 1 20 1,8 4,3 1,72 1 
TOMMEL GRIB 
26 1 30 1,95 4,45 1,78 1 
PEGE GRIB 
  
300,93 120,372 32 
0,32 
TM CM TM 
DESIGN EFFICIENCY = 3×NM/TM 
To increase the Design efficiency of the current design and decrease the operation 
time, first point is to analyze the column 3 and 4 of DFA Table with revising. 
Column 3 is the manual handling code also column 4 is Manual handling time per 
part. Critical parts with possible changes:  
Part number 2 is Mock-up skeleton (cover) in Figure 7.1; there is not many changes 
to apply because of dimensions are good but part has handling difficulties. Its 
handling code is 35 and manual handling time is 2.73s. 
 
Figure 7.1 : Part number 2 is Mock-up skeleton – Cover [7]. 
Part number 3 is Arm box in Figure 7.2; dimensions are good but can be design as 
symmetric.  
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Figure 7.2 : Part number 3 is Arm box [7]. 
In addition to part number 3 in Figure 7.3; part number 6 (Box lid), 11 (Motor 
rotational block), 12, 14, 15, 19, 20, 26 could be redesign also symmetrical.  
 
 
Figure 7.3 :Part number 6 Box lid [7]. 
Part number 4 in Figure 7.4 (PCB Fixture)‟s handling code is 13 with 2.06s handling 
time. PCB fixture‟s thickness is less than 2 mm. Also part number 5 is PCB 
Assembly with 5.6s of handling time because of being an assembly.  
 
Figure 7.4 : PCB Fixture and PCB Assembly [7]. 
In Figure 7-5, part number 9, 10, 16, 17‟s handling code is 13 as 2.06s like part 
number 4. Thickness of the parts is less than 2 mm. If it will be more than 2 mm, 
handling time can be reduced but design problems can occur.  
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Figure 7.5 : Part number 9, 10, 16, and 17 [7]. 
Part number 13, 24‟s handling code is 03 as 1,69s. Thickness of the parts is less than 
2 mm. If it will be more than 2 mm, handling time can be reduced. 
Table 7.2 is revised as changed the dimensions of the part number 4, 9, 10, 13, 16, 
17, and 24. Thickness of these parts is changed from less than 2mm to more than 2 
mm to see how it affects the design efficiency. 
Also part number 11 and 25 has also new handling code because of a mistake in the 
previous tables. Part 11‟s handling code changed from 21 to 31 and part 25 is 
changed from 20 to 30.  
Before revising Table 7.2, there are two ways to improve Design efficiency by the 
help of the manual handling code are:  
1. Designing parts more symmetrical 
2. Modifying dimensions of the mentioned parts before   
Redesign selected parts as more symmetrical cannot improve well because all 
selected parts are special design for Strong hand 2
nd
 mock-up and there are not many 
ways to improve parts as symmetrical. Therefore, 2
nd
 way seems to improve Design 
efficiency, so 7 parts of the 25 parts can be considered as redesign with new 
dimensions and short manual handling time and Table 7.2 is appeared.   
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Table 7.2 : Revised DFA Worksheet for Manual Handling Code of Strong Hand 2
nd
 Mock-up. 
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STRONG HAND 2ND MOCK-UP 
STEP FILE  
2 1 35 2,73 8,23 3,292 1 
MOCK UP SKELETON 
3 1 30 1,95 7,45 2,98 0 
ARM BOX 
4 1 01 1,43 3,93 1,572 1 
PCB FIXTURE 
5 1 83 5,6 11,1 4,44 1 
PCB ASSEMBLY 
6 1 30 1,95 7,45 2,98 0 
BOX LID 
9 1 01 1,43 3,93 1,572 1 
RING DAMPER 
10 1 11 1,8 3,3 1,32 1 
SAFETY BUTTON 
11 1 31 2,25 4,75 1,9 1 
MOTOR ROATATION BLOCK 
12 1 30 1,95 3,45 1,38 1 
DRIVE HOLDER 
13 1 01 1,43 3,93 1,572 1 
DRIVE WIRE 
14 1 30 1,95 7,45 2,98 0 
FINGER ARM 
15 1 30 1,95 7,45 2,98 1 
KARDAN 
16 1 01 1,43 3,93 1,572 1 
MOTOR END WASHER 
17 3 01 1,43 8,79 3,516 1 
DISC SPRING(sub-assembly) 
18 2 11 1,8 8,6 3,44 1 
TRISSE(1-2) 
19 1 30 1,95 4,45 1,78 1 
LILLE TAND 
20 1 30 1,95 4,45 1,78 1 
TOMMEL TAND 
24 1 01 1,43 2,93 1,172 0 
SPRING CYLINDER 
25 1 30 1,95 4,45 1,78 1 
TOMMEL GRIB 
26 1 30 1,95 4,45 1,78 1 
PEGE GRIB 
  
296,3 118,52 32 
0,32 
TM CM TM 
DESIGN EFFICIENCY = 3×NM/TM 
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In Table 7.2, revised version of DFA worksheet for column 3 and 4 can be seen. The 
design efficiency increase a little bit but it is still in the 0.32 range, so new 
dimensions and handling codes did not change the Design efficiency. Thus, Total 
operation time is reduced from 300.93s to 296.3s after these changes. 
7.1.2 Conclusion from manual handling analyze 
Conclusion from manual handling code analyze is that dimension modifications or 
symmetrical redesigns cannot increase the Design Efficiency as expected. Next step 
will be focusing on the column 9 for Figures for estimation of theoretical minimum 
parts of DFA Worksheet. 
7.2 Column 9 (Figures for estimation of theoretical minimum parts) Analyze 
Column 9 represents to figures for estimation of theoretical minimum parts for 
calculating design efficiency. There are two main criteria for this column is number 0 
and 1. Number 0 shows which parts are ready to redesign. Among of 45 parts of 
strong Hand 2
nd
 mock-up, there is a redesign range as clarified before is    
  . 
Therefore, 5 parts, which are fasteners, can be begun with eliminating to increase the 
design efficiency.  
In Table 7.3 and 7.4, DFA worksheet of Strong Hand 2
nd
 mock up can be seen with 
the Design efficiency of 0.32 which includes DSH001‟s design efficiency (0.28) too. 
Table 7.3 : Worksheet for Strong Hand 2nd mock-up with Column 9. 
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STRONG HAND 2ND MOCK-UP STEP 
FILE  
1 2 5,26 2,104 1 
BUTTON ASSEMBLY 
2 1 8,23 3,292 1 
MOCK UP SKELETON 
3 1 7,45 2,98 0 
ARM BOX 
4 1 4,56 1,824 1 
PCB FIXTURE 
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5 1 11,1 4,44 1 
PCB ASSEMBLY 
6 1 7,45 2,98 0 
BOX LID 
7 Sub-Ass 139,92 55,968 4 
DSH001 
8 1 4,3 1,72 1 
DRIVE HOLDER2 
9 1 4,56 1,824 1 
RING DAMPER 
10 1 3,56 1,424 1 
SAFETY BUTTON 
11 1 4,75 1,9 1 
MOTOR ROATATION BLOCK 
12 1 3,45 1,38 1 
DRIVE HOLDER 
13 1 4,19 1,676 1 
DRIVE WIRE 
14 1 7,45 2,98 0 
FINGER ARM 
15 1 7,45 2,98 1 
KARDAN 
16 1 4,56 1,824 1 
MOTOR END WASHER 
17 3 10,68 4,272 1 
DISC SPRING(sub-assembly) 
18 2 8,6 3,44 1 
TRISSE(1-2) 
19 1 4,45 1,78 1 
LILLE TAND 
20 1 4,45 1,78 1 
TOMMEL TAND 
21 2 8,38 3,352 0 
SKIVE-07 
22 1 3,34 1,336 1 
SPRING 
23 6 21 8,4 0 
IGLIDUR 
24 1 3,19 1,276 0 
SPRING CYLINDER 
25 1 4,45 1,78 1 
TOMMEL GRIB 
26 1 4,45 1,78 1 
PEGE GRIB 
  
301,23 120,492 32 
0,32 
TM CM NM 
DESIGN EFFICIENCY = 3×NM/TM 
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Table 7.4 : Worksheet for DSH001 of Strong Hand 2nd mock-up with Column 9. 
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STRONG HAND 2ND MOCK-UP STEP 
FILE  
27 1 5,5 2,2 1 
266521 
28 1 3,45 1,38 1 
266531 
29 1 3,19 1,276 1 
266521 
30 3 9,57 3,828 0 
266521-3 
31 1 4 1,6 1 
118185 
32 1 4,45 1,78 1 
DSH BRACELET 
33 1 9,69 3,876 0 
SV-125-NUT 
34 2 19,6 7,84 0 
SCREW-ISO 7045 
35 1 4,45 1,78 1 
DSH HOUSING 
36 1 8,01 3,204 1 
DSH QUICK RELEASE 
37 1 9,69 3,876 0 
SV-11-NUT 
38 2 6 2,4 1 
DSH CORD TENSION 1 
39 1 7,45 2,98 1 
DSH SPINDLE 
40 2 6,9 2,76 1 
DSH CORD TENSION 2 
41 1 7,75 3,1 1 
DSH COIL 
42 2 6 2,4 0 
STIFT ISO 2338 
43 1 8,01 3,204 1 
DSH RACK 
44 1 8,01 3,204 1 
DSH COIL BRACELET 
45 1 8,2 3,28 0 
619 - BEARING (sub-ass) 
  
139,92 55,968 13 
0,28 
TM CM NM 
DESIGN EFFICIENCY = 3×NM/TM 
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7.2.1 Elimination of fasteners:  
Important parts for redesign 2
nd
 mock-up‟s fasteners in Figure 7.6 and 7.7: 
1. Iglidur, part number 23, is used for 6 times in the assembly to fasten arm 
finger and other parts, 
2. Skive, part number 21, used as 2 times, 
3. Spring cylinder, Part number 24 could see in the figure 24. 
 
Figure 7.6 : Part number 21, 23, and 24 (Skive, iglidur, and spring cylinder) [7]. 
 
4. SV-125-Nut, part number 33, 
5.  Screw, part number 34,  
6. SV-11-NUT, Part number 37  
7. 266521-3, part number 30 
 
Figure 7.7 : Part number 33, 34, and 37 (Screw and Nut) [7]. 
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After determining 6 fasteners, next step will be the elimination of these fasteners. In 
Table 7.4 and 7.5, it could be clearly seen that these fasteners have really long 
operation time as 8.4, 3.352, 1,276, 3.876, 7.84, and 3,876 seconds. Total time saving 
is 26 seconds from operation time. Elimination of these parts is a crucial option for 
design efficiency and operation time. If these parts can be eliminated, new design 
efficiency and DFA worksheets are going to be like in the Table 7.6 and 7.7. 
Table 7.5 : Worksheet for Strong Hand 2nd mock-up after eliminating fasteners. 
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STRONG HAND 2ND MOCK-UP STEP 
FILE  
1 2 5,26 2,104 1 
BUTTON ASSEMBLY 
2 1 8,23 3,292 1 
MOCK UP SKELETON 
3 1 7,45 2,98 0 
ARM BOX 
4 1 4,56 1,824 1 
PCB FIXTURE 
5 1 11,1 4,44 1 
PCB ASSEMBLY 
6 1 7,45 2,98 0 
BOX LID 
7 Sub-Ass 100,94 40,376 13 
DSH001 
8 1 4,3 1,72 1 
DRIVE HOLDER2 
9 1 4,56 1,824 1 
RING DAMPER 
10 1 3,56 1,424 1 
SAFETY BUTTON 
11 1 4,75 1,9 1 
MOTOR ROATATION BLOCK 
12 1 3,45 1,38 1 
DRIVE HOLDER 
13 1 4,19 1,676 1 
DRIVE WIRE 
14 1 7,45 2,98 0 
FINGER ARM 
15 1 7,45 2,98 1 
KARDAN 
16 1 4,56 1,824 1 
MOTOR END WASHER 
17 3 10,68 4,272 1 
DISC SPRING(sub-assembly) 
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18 2 8,6 3,44 2 
TRISSE(1-2) 
19 1 4,45 1,78 1 
LILLE TAND 
20 1 4,45 1,78 1 
TOMMEL TAND 
21 2 0 0 0 
SKIVE-07 
22 1 3,34 1,336 1 
SPRING 
23 6 0 0 0 
IGLIDUR 
24 1 0 0 0 
SPRING CYLINDER 
25 1 4,45 1,78 1 
TOMMEL GRIB 
26 1 4,45 1,78 1 
PEGE GRIB 
  
229,7 91,87 33 
0,43 
TM CM NM 
DESIGN EFFICIENCY = 3×NM/TM 
 
Table 7.6 : Worksheet for DSH001 for Strong Hand 2nd mock-up after eliminating fasteners. 
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STRONG HAND 2ND MOCK-UP STEP 
FILE - DSH001 - SUB ASSEMBLY 
27 1 5,5 2,2 1 
266521 
28 1 3,45 1,38 1 
266531 
29 1 3,19 1,276 1 
266521 
30 3 0 0 0 
266521-3 
31 1 4 1,6 1 
118185 
32 1 4,45 1,78 1 
DSH BRACELET 
33 1 0 0 0 
SV-125-NUT 
34 2 0 0 0 
SCREW-ISO 7045 
35 1 4,45 1,78 1 
DSH HOUSING 
36 1 8,01 3,204 1 
DSH QUICK RELEASE 
37 1 0 0 0 
SV-11-NUT 
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38 2 6 2,4 1 
DSH CORD TENSION 1 
39 1 7,45 2,98 1 
DSH SPINDLE 
40 2 6,9 2,76 1 
DSH CORD TENSION 2 
41 1 7,75 3,1 1 
DSH COIL 
42 2 6 2,4 0 
STIFT ISO 2338 
43 1 8,01 3,204 1 
DSH RACK 
44 1 8,01 3,204 1 
DSH COIL BRACELET 
45 1 8,2 3,28 0 
619 - BEARING (sub-ass) 
  
100,9 40,38 13 
0,39 
TM CM NM 
DESIGN EFFICIENCY = 3×NM/TM 
Table 7.7 is a summary of the Table 7.5 and 7.6. In Table 7.5 and 7.6, green 
highlighted values show the fasteners of the current design. Table 7.5 also shows the 
new design efficiency as 0.43 from the previous one as 0.32. Moreover, in Table 7.6 
could be seen the new design efficiency of DSH001 after eliminating 4 fasteners as 
from 0.28 to 0.39. 
Table 7.7 : Difference of elimination of fasteners from Strong Hand 2nd Mock up as Design 
Efficiency. 
ELEMINATION OF 
FASTENERS (6 
parts) 
Operation 
Time 
(seconds) 
Operation Cost 
($) 
Column 9 Design Efficiency  
Part 
Number  
2nd Mock-up Of Strong Hand  
With Fasteners 301,23 120,492 32 0,32 45 
Without Fasteners 229,7 91,87 33 0,43 38 
GAIN 71,53 28,622   7 
DSH001 SUB-ASSEMBLY 
With Fasteners 139,92 55,968 13 0,28 19 
Without Fasteners 100,9 40,38 13 0,39 15 
GAIN 39,02 15,588   4 
In Table 7.7, other than design efficiencies in the Table 7.5 and 7.6, there are 
operation time and operation cost gains. Operation time is reduced from 301,23s to 
229,7s and the time gain is 71.53s. Operation cost is reduced from 120.5$ to 92$ and 
75 
the cost gain is 29$. Thus, part count is reduced from 45 to 38. In Table 7.7, DSH001 
values can also be seen.  
7.2.2 Integrating or redesigning of several parts 
According to column 9, the crucial idea for redesigning under the DFA theory is that 
having no zero in the column 9. For accomplishing the theory:  
1. Arm box, part number 3 
2. Box lid, part number 6 
3. Finger Arm, part number 14 
4. STIFT ISO 2338, part number 42 
5. 619 Bearing, part number 45, could redesign or integrate with other parts. 
If it is considered as these 5 parts are redesigned with “1” in the column 9 in the 
DFA worksheet. New design efficiency can be calculated in the Table 7.8: 
Table 7.8 : Worksheet for Strong Hand 2nd mock-up considered as redesigning. 
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STRONG HAND 2ND MOCK-UP STEP 
FILE  
1 2 5,26 2,104 1 
BUTTON ASSEMBLY 
2 1 8,23 3,292 1 
MOCK UP SKELETON 
3 1 7,45 2,98 1 
ARM BOX 
4 1 4,56 1,824 1 
PCB FIXTURE 
5 1 11,1 4,44 1 
PCB ASSEMBLY 
6 1 7,45 2,98 1 
BOX LID 
7 Sub-Ass 91,37 36,55 15 
DSH001 
8 1 4,3 1,72 1 
DRIVE HOLDER2 
9 1 4,56 1,824 1 
RING DAMPER 
10 1 3,56 1,424 1 
SAFETY BUTTON 
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11 1 4,75 1,9 1 
MOTOR ROATATION BLOCK 
12 1 3,45 1,38 1 
DRIVE HOLDER 
13 1 4,19 1,676 1 
DRIVE WIRE 
14 1 7,45 2,98 1 
FINGER ARM 
15 1 7,45 2,98 1 
KARDAN 
16 1 4,56 1,824 1 
MOTOR END WASHER 
17 3 10,68 4,272 1 
DISC SPRING(sub-assembly) 
18 2 8,6 3,44 2 
TRISSE(1-2) 
19 1 4,45 1,78 1 
LILLE TAND 
20 1 4,45 1,78 1 
TOMMEL TAND 
21 2 0 0 0 
SKIVE-07 
22 1 3,34 1,336 1 
SPRING 
23 6 0 0 0 
IGLIDUR 
24 1 0 0 0 
SPRING CYLINDER 
25 1 4,45 1,78 1 
TOMMEL GRIB 
26 1 4,45 1,78 1 
PEGE GRIB 
  
220,1 88,05 38 
0,52 
TM CM NM 
DESIGN EFFICIENCY = 3×NM/TM 
In Table 7.8 and 7.9, yellow highlighted values show the parts to redesign with “1” 
in the column 9. The aim of Design for Assembly approach is eliminate the “0” 
numbers from column 9. To accomplish this purpose, in 7.8 and 7.9, there are 5 parts 
are ready to redesign for obtaining “1” for column 9 and it is considered. Table 7-8 
shows the new design efficiency as 0.52 from the oldest one as 0.32 for Strong Hand 
2
nd
 Mock-up. Moreover, in Table 7.9 could be seen the new design efficiency is 
improved for DSH001 from 0.28 to 0.49. 
Table 7.10 is a summary of the Table 7.8 and 7.9. In Table 7.10, other than design 
efficiencies in the Table 7.8 and 7.9, there are operation time and operation cost 
values and gains. Operation time is reduced from 301,23s to 220.1 and the time gain 
is 81s. Operation cost is reduced from 120.5$ to 88$ and the cost gain is 32$. 
DSH001 values can also be seen from Table 7.10.   
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Table 7.9 : Worksheet for DSH001 of Strong Hand 2nd mock-up considered as redesigning. 
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STRONG HAND 2ND MOCK-UP STEP 
FILE - DSH001 - SUB ASSEMBLY 
27 1 5,5 2,2 1 
266521 
28 1 3,45 1,38 1 
266531 
29 1 3,19 1,276 1 
266521 
30 3 0 0 0 
266521-3 
31 1 4 1,6 1 
118185 
32 1 4,45 1,78 1 
DSH BRACELET 
33 1 0 0 0 
SV-125-NUT 
34 2 0 0 0 
SCREW-ISO 7045 
35 1 4,45 1,78 1 
DSH HOUSING 
36 1 8,01 3,204 1 
DSH QUICK RELEASE 
37 1 0 0 0 
SV-11-NUT 
38 2 6 2,4 1 
DSH CORD TENSION 1 
39 1 7,45 2,98 1 
DSH SPINDLE 
40 2 6,9 2,76 1 
DSH CORD TENSION 2 
41 1 7,75 3,1 1 
DSH COIL 
42 2 6 2,4 1 
STIFT ISO 2338 
43 1 8,01 3,204 1 
DSH RACK 
44 1 8,01 3,204 1 
DSH COIL BRACELET 
45 1 8,2 3,28 1 
619 - BEARING (sub-ass) 
  
91,37 36,55 15 
0,49 
TM CM NM 
DESIGN EFFICIENCY = 3×NM/TM 
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Table 7.10 : Difference after redesign of Strong Hand 2nd Mock up as Design Efficiency. 
REDESIGN 
Operation 
Time 
(seconds) 
Operation Cost 
($) 
Column 9 Design Efficiency  
Part 
Number  
2nd Mock-up Of Strong Hand  
With Fasteners 301,23 120,492 32 0,32 45 
Without Fasteners 229,7 91,87 33 0,43 38 
Redesign as 1  220,1 88,05 38 0,52   
GAIN 81,13 32,442   7 
DSH001 SUB-ASSEMBLY 
With Fasteners 139,92 55,968 13 0,28 19 
Without Fasteners 100,9 40,38 13 0,39 15 
Redesign as 1  91,37 36,55 15 0,49   
GAIN 48,55 19,418   4 
7.3 Conclusion of Column 9 (Figures for estimation of theoretical minimum 
parts) Analyze 
A figure for estimation of theoretical minimum parts, column 9, is a criterion to 
calculate design efficiency for DFA Analyze. For Strong Hand 2
nd
 mock-up, Column 
9 analyzes is resulted as Table 7.10 with new design efficiency and operation time 
numbers. New design efficiency is obtained by: 
 Eliminating fasteners with longer operation time 
7 fasteners eliminated from current assembly and new design efficiency 
calculated as 0.43 in the Table 7.5 and 7.6. 
 Determine parts for redesigning to eliminate number “0” from column 9 
After eliminating fasteners, DFA worksheet is revised and 5 parts are 
determined to redesign again for not having number “0” in the column 9. 
New worksheets can see in the Table 7-8 and 7-9 with new design efficiency 
as 0.52.  
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7.4 Assembly and Design Proposal for 2nd mock-up of Strong Hand Project  
According to calculated new design efficiencies in the Table 7.5, 7.6, 7.8 and 7.9; 
these are the proposals for 2
nd
 mock-up Strong Hand project to increase design 
efficiency and decrease operation time: 
 Redesign to eliminate 7 fasteners that has longer operation time 
 Redesign 5 parts to eliminate number “0” from column 9 
 Current design has some options for also other parts to redesign as integrated 
parts which appears when redesigning 12 parts above 
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8. ANALYZING DFM – COST ESTIMATION OF 2ND MOCK-UP 
8.1 Expensive Parts of 2nd Mock-up 
2
nd
 mock-up Cost Estimation is determined under the title of DFM Analyze of 2
nd
 
mock-up. In addition to analyze this cost estimation shows that 2
nd
 mock-up is 
mostly machining and plastic injection with small production rate as 10 pieces. In 
Table 8.1, 8 parts can be identified as expensive parts; button assembly, mock-up 
skeleton (cover), arm box, pcb assembly, box lid, finger arm and pege grib (index 
gripper) and 619 bearing as a standard part. 
There are some ways to reduce expensive parts: 
 Find alternative methods than machining 
 Change the process and estimate new cost for 2nd mock-up 
 Cost estimation will be according to the batch as 1000 parts [8] 
Before starting change the manufacturing processes and materials of 2
nd
 mock-up, 
previous cost estimation was 2140 DKK as can be seen in Table 8.1 
Table 8.1 : DFM analyze as Cost Estimation of 2
nd
 version of 2
nd
 mock-up. 
STRONG HAND 2ND MOCK-UP 
P
ar
t 
I.
D
. 
N
O
. 
DESCRIPTION OF 
PARTS 
N
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P
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E
S
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R
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T
O
T
A
L
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R
IZ
E
 
1 
BUTTON 
ASSEMBLY 
2         50 100 
2 
MOCK UP 
SKELETON 
1 192 SLS     150 150 
3 ARM BOX 1 133 PA6.6-GF30 PLAST. INJ 6,65 133 139,65 
5 PCB ASSEMBLY 1         500 500 
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6 BOX LID 1 26 ALU MACHINING 2,6 39 41,6 
14 FINGER ARM 1 53 PA6.6-GF30 PLAST. INJ 5,3 79,5 84,8 
26 PEGE GRIB 1 37 PA6.6-GF31 PLAST. INJ 1,85 55,5 57,35 
COST OF 25 PARTS TOTAL COST 1 (DKK) 1221 
45 
619 - BEARING (sub-
ass) 
1   STEEL STD.   35 35 
COST OF PART 7  TOTAL COST 2 (DKK) 169 
  
ASSEMBLY AND 
TEST 
1       
  
500 500 
ASSEMBLY AND ELECTRONIC COST  TOTAL COST 3 (DKK) 750 
STRONG HAND 2ND VERSION OF 2ND MOCK-UP TOTAL COST (DKK) 2141 
 
8.2 Alternative Cost Estimation for 2nd mock-up 
For new cost estimation for 1000 parts batch, injection molding will be an 
advantageous methods rather than machining. In Table 8.2, available materials and 
processes are: 
Material prizes are: 
 Aluminum alloy is 100 DKK per kg 
 AW6062 (Al),  is 50 DKK per kg 
 PA6.6-GF30 (Plastic) is 50 DKK per kg    
 SLS is 50 DKK per kg 
 Aluminum is 50 DKK per kg 
Production prices are: 
 Injection molding is 250 DKK per kg, injection molding has also tool prize as 
mold prize. 
 Machining is 500 DKK per kg 
 Laser Cut / Punch is 250 DKK per kg [9] 
Injection molding has some stages for production as tool prize and production prize. 
Estimation of injection molding is based on calculation tools of: 
 University of Massachusetts, Plastic engineering; Injection molding Cost 
Estimator [9] 
 Shanghai Sourcing (China mold), Injection molding prize estimator [10] 
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In appendix, it could be seen the calculations of several parts with each tool. 
 Injection molding method applied to parts with number of 2, 3, 6, 8, 10, 11, 
12, 14, 18, 24, 25, and 26 with the material of PA6.6-GF30. 
 Machining method is applied to parts with number of 15, 19, and 20 with the 
material of AW6062 (Al alloy) 
 Laser Cut or punching method applied to parts with number of 4, 16, 28, 29, 
31, 32, 35, 38, 39, 40, 41, 43, and 44 with the material of aluminum. 
 Standards parts are with number of 1, 9, 17, 21 22, 23, 27, 30, 33, 34, 37, 42, 
and 45. 
In Table 8.2, it can be seen the dimensions and volume of some part which are 
necessary for calculation the cost for production. Material selection and 
manufacturing methods can be also seen with the prizes of them.  
Table 8.2 : Alternative cost estimation for 2nd mock-up [9], [10]. 
STRONG HAND 2ND MOCK-UP 
P
ar
t 
I.
D
. 
N
O
. 
DESCRIPTION OF 
PARTS 
N
U
M
B
E
R
 O
F
 T
IM
E
S
  
D
IM
E
N
S
IO
N
S
 (
M
M
) 
V
O
L
U
M
E
 (
M
M
^
3
) 
M
A
T
E
R
IA
L
 (
1
) 
W
E
IG
H
T
 (
1
) 
(G
R
) 
P
R
O
C
E
S
S
 (
1
) 
M
A
T
E
R
IA
L
 P
R
IZ
E
 (
1
) 
(1
0
0
0
 P
IE
C
E
S
) 
P
R
O
C
E
S
S
 P
R
IZ
E
 (
1
) 
(1
0
0
0
 P
IE
C
E
S
) 
T
O
T
A
L
 P
R
IZ
E
 (
1
) 
(1
0
0
0
 
P
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1 
BUTTON 
ASSEMBLY 
2             20 40 
2 
MOCK UP 
SKELETON 
(COVER) 
1 192*50*2 19200 SLS 60 
INJ. 
MOLDED 
3 20 23 
3 ARM BOX 1 98*70*7 49200 
PA6.6-
GF30 
132 
INJ. 
MOLDED 
3,3 33 36,3 
4 
PCB FIXTURE 
(BoxLid) 
1     ALU 26 
LASER 
CUT/PUNCH
ED 
2,6 19,5 22,1 
5 PCB ASSEMBLY 1             500 500 
6 BOX LID 1     
PA6.6-
GF30 
34 
INJ. 
MOLDED 
3,4 25,5 28,9 
7 DSH001 
Sub
-
Ass 
                
8 DRIVE HOLDER2 1 22*10*9 2273 
PA6.6-
GF30 
6 
INJ. 
MOLDED 
0,30
8 
15,4 15,708 
9 RING DAMPER 1     
NBR 
RUBBER 
  STD.   3 3 
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10 SAFETY BUTTON 1     POM   
INJ. 
MOLDED 
  5 5 
11 
MOTOR 
ROTATION 
BLOCK 
1 19*10*10 1900 
PA6.6-
GF30 
3 
INJ. 
MOLDED 
0,15 7,5 7,65 
12 DRIVE HOLDER 1   1997 
PA6.6-
GF30 
5 
INJ. 
MOLDED 
0,27 13,5 13,77 
13 DRIVE WIRE 1             2 2 
14 FINGER ARM 1 45*43*10 19721 
PA6.6-
GF30 
53 
INJ. 
MOLDED 
5,3 26,5 31,8 
15 KARDAN 1   3437 AW6062  9 
MACHININ
G 
0,9 13,5 14,4 
16 
MOTOR END 
WASHER 
1     SS 1 
LASER 
CUT/PUNCH
ED 
0,1 0,75 0,85 
17 DISC SPRING 3     4248   STD.   3 9 
18 TRISSE(1-2) 2     POM 3 
INJ. 
MOLDED 
0,15 4,5 9,3 
19 LILLE TAND 1   3671 AW6062  10 
MACHININ
G 
1,5 15 16,5 
20 TOMMEL TAND 1   7243 AW6062  19 
MACHININ
G 
2,85 28,5 31,35 
21 SKIVE-07 2     PLASTIC   STD.   1 2 
22 SPRING 1     STEEL   STD.   2 2 
23 IGLIDUR 6     PLASTIC   STD.   1 6 
24 
SPRING 
CYLINDER 
1     POM   
INJ. 
MOLDED 
0,05 1,5 1,55 
25 TOMMEL GRIB 1   9840 
PA6.6-
GF30 
27 
INJ. 
MOLDED 
1,35 13,5 14,85 
26 PEGE GRIB 1   13618 
PA6.6-
GF31 
34 
INJ. 
MOLDED 
1,7 17 18,7 
COST OF 25 PARTS   TOTAL COST 1 (DKK) 855 
STRONG HAND 2ND VERSION 2ND MOCK-UP - PART 7 
P
ar
t 
I.
D
. 
N
O
. 
DESCRIPTION OF 
PARTS 
N
U
M
B
E
R
 O
F
 T
IM
E
S
  
D
IM
E
N
S
IO
N
S
 (
M
M
) 
V
O
L
U
M
E
 (
M
M
^
3
) 
M
A
T
E
R
IA
L
 (
1
) 
W
E
IG
H
T
 (
1
) 
(G
R
) 
P
R
O
C
E
S
S
 (
1
) 
M
A
T
E
R
IA
L
 P
R
IZ
E
 (
1
) 
(1
0
0
0
 
P
IE
C
E
S
) 
P
R
O
C
E
S
S
 P
R
IZ
E
 (
1
) 
(1
0
0
0
 
P
IE
C
E
S
) 
T
O
T
A
L
 P
R
IZ
E
 (
1
) 
(1
0
0
0
 
P
IE
C
E
S
) 
27 266521 1     PLASTIC   STD.   10 10 
28 266521 1     ALU 10 
LASER 
CUT/PUNCHE
D 
1 7,5 8,5 
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29 266521 1     ALU 1 
LASER 
CUT/PUNCHE
D 
0,1 0,75 0,8 
30 266521-3 3     PLASTIC   STD.   1 3 
31 118185 1     ALU 3 
LASER 
CUT/PUNCHE
D 
0,3 2,25 2,5 
32 DSH BRACELET 1     ALU 2 
LASER 
CUT/PUNCHE
D 
0,2 1,5 1,7 
33 SV-125-NUT 1     STEEL   STD.   1 1 
34 SCREW-ISO 7045 2     STEEL   STD.   1 2 
35 DSH HOUSING 1     ALU 16 
LASER 
CUT/PUNCHE
D 
1,6 12 13,6 
36 
DSH QUICK 
RELEASE 
1     ALU 3 BULK 0,3 4,5 4,8 
37 SV-11-NUT 1     STEEL   STD.   1 1 
38 
DSH CORD 
TENSION 1 
2     ALU 3,85 
LASER 
CUT/PUNCHE
D 
0,3 3 6,5 
39 DSH SPINDLE 1     ALU 7,35 
LASER 
CUT/PUNCHE
D 
0,7 5,5 6,2 
40 
DSH CORD 
TENSION 2 
2     ALU 1,42 
LASER 
CUT/PUNCHE
D 
0,1 1,065 2,414 
41 DSH COIL 1     ALU 4,15 
LASER 
CUT/PUNCHE
D 
0,4 
3,112
5 
3,5275 
42 STIFT ISO 2338 2     STEEL   STD.   2 4 
43 DSH RACK 1     ALU 8,6 
LASER 
CUT/PUNCHE
D 
0,86 6,45 7,31 
44 
DSH COIL 
BRACELET 
1     
SPRING 
STEEL 
5 
LASER 
CUT/PUNCHE
D 
0,5 3,75 4,25 
45 
619 - BEARING (sub-
ass) 
1     STEEL   STD.   50 50 
COST OF PART 7    TOTAL COST 2 (DKK) 133,294 
  
OPERATION COST    720 
ASSEMBLY COST   TOTAL COST 3 (DKK) 720 
STRONG HAND 2ND VERSION OF 2ND MOCK-UP   TOTAL COST (DKK) 
1709,02
2 
As can be concluded from the Table 8.2 is total cost for 2
nd
 mock-up is 1709 DKK 
per part. If we consider as 1000 parts, this cost will be 1,709,000DKK. Thus, 
assembly cost is calculated as 720DKK per part, which is taken from DFA (Design 
for Assembly) worksheets of 2
nd
 mock-up. 
In Table 8.3, there are some parts with different materials and processes. Strong 
Hand project has a weight limit and it is 750 gr. Because of limited weight, AW6062 
wanted to apply rather than PA6.6-GF30. In Table 8.3, 6 parts‟ two different material 
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and process types with prizes and total prize difference can see and this cost 
estimation called as Alternative-2. 
Table 8.3 : Two different material and process alternatives for 6 parts of 2nd mock-up with Cost Estimation [11]. 
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3 ARM BOX 
PA6.6-
GF30 
13
2 
INJ. 
MOLDED 
3,3 33 36,3 
AW606
2  
66 
MACHININ
G 
9,9 33 43 
8 
DRIVE 
HOLDER2 
PA6.6-
GF30 
6 
INJ. 
MOLDED 
0,308 15 15 
AW606
2  
6 
MACHININ
G 
0,9 9 10 
11 
MOTOR 
ROATATION 
BLOCK 
PA6.6-
GF30 
3 
INJ. 
MOLDED 
0,15 7,5 7,65 
AW606
2  
3 
MACHININ
G 
0,45 4,5 5 
14 
FINGER 
ARM 
PA6.6-
GF30 
53 
INJ. 
MOLDED 
5,3 26,5 31 
AW606
2  
26 
MACHININ
G 
3,9 39 43 
25 
TOMMEL 
GRIB 
PA6.6-
GF30 
27 
INJ. 
MOLDED 
2 13,5 14 
AW606
2  
27 
MACHININ
G 
4,05 27 31 
26 PEGE GRIB 
PA6.6-
GF31 
34 
INJ. 
MOLDED 
1,7 17 18 
AW606
3 
34 
MACHININ
G 
5,1 34 39 
COST OF 25 PARTS 855,728 
ALTERNATIVE 
COST FOR 25 PARTS 
902,5 
COST OF PART 7  133,294 COST OF PART 7  133 
ASSEMBLY COST 720 ASSEMBLY COST 720 
STRONG HAND 2ND 
VERSION OF 2ND MOCK-
UP    (Alternative-1) 
1709,022 DKK 
STRONG HAND 2ND 
VERSION OF 2ND 
MOCK-UP 
(Alternative -2) 
1755 DKK 
According to the Table 8.3, if machining and AW6062 material are selected for 
identified 6 parts, rather than injection molding and PA6.6-GF30 plastic material; 
total cost estimation will be 1755DKK per part. For 1000 parts, this prize is going to 
be 1,755,000DKK. The difference between two types of material and process is 
46,000 DKK for 1000 parts because of the limited weight.   
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8.3 Conclusion from Analyzing DFM – Cost Estimation of 2nd mock-up 
DFM – Cost estimation analyze of 2nd mock-up can be clearly summarized in Table 
8.4. In Table 8.4, three different stages of 2
nd
 mock-up are cost of 25 parts, 7 parts 
and assembly.  
 First estimation was 2140 DKK per part.  
 Alternative 1 for first cost estimation with injection molding plastic parts is 
1709 DKK per part.  
 The last estimation is Alternative – 2 for a proposal to alternative 1 and its 
cost is 1755 per part with machining of parts.  
As 1000 parts batch; first cost estimation is 431,000 DKK and Alternative 2 is 
46,000 DKK higher than the cost of Alternative 1. These values in Table 8.4 shows 
that Alternative 1 is the best cost efficient way to manufacture Strong Hand 2
nd
 
mock-up. 
Table 8.4 : Three different cost estimation of 2nd mock-up. 
STRONG HAND 2nd MOCK-UP - COST ESTIMATION (DKK) 
ESTIMATIONS FIRST ALTERNATIVE - 1 ALTERNATIVE - 2 
COST OF 25 PARTS 1221 855 902 
COST OF PART 7  169 133 133 
ASSEMBLY COST  750 720 720 
STRONG HAND 2ND MOCK-UP 2140 1709 1755 
BATCH OF 1000 PARTS 2 140 000 1 709 000 1 755 000 
COST DIFFERENCE 431 000 0 46 000 
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8.4 Material and Manufacturing Methods Proposals for 2nd mock-up of 
Strong Hand Project 
According to the calculated cost estimations in Table 8.1, 8.2, 8.3, and 8.4, there are 
three different ways of    manufacturing Strong Hand 2
nd
 Mock-up: 
 First cost estimation with 2140 DKK per part 
 Alternative 1 cost estimation with 1709 DKK per part  
 Alternative 2 cost estimation with 1755 DKK per part  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
´ 
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9. DESIGN PROPOSAL FOR 2ND MOCK-UP OF STRONG HAND 
PROJECT 
9.1 Redesign to Eliminate Fasteners 
In Strong Hand 2nd mock-up, there are 8 different types of fasteners which can be 
shown in Figure 9.1. These fasteners have a tendency to elimination. For increasing 
design efficiency and reducing the operation time, fasteners needs to be eliminated. 
 
Figure 9.1 : Strong Hand 2nd mock-up with placing fasteners [7]. 
9.1.1 Drive holder and arm box  
In Figure 9.1, Drive Holder part and Arm Box part are seen. These parts are 
connected by two screws because drive holder part holds DSH001 subassembly part 
and drive wire. Parts are fastened by two screws which are shown in Figure 9.2. 
To eliminate fasteners, there will be some changes on Drive Holder part which is 
also seen in Figure 9.3. Drive holder part is manufactured from plastic material. 
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Rather than using a screw, designing additional parts for mating with snap 
connection with Arm Box part will help to eliminate fasteners.  
 
Figure 9.2 : Drive Holder and Arm Box with two screws [7]. 
 
Figure 9.3 : Design Changes for Drive Holder Part [7]. 
In Figure 9.3, design changes for drive holder part can be seen. This change is just an 
idea to eliminate fastener but geometry placement and type of additional part can be 
varied in many different ways. In the figure 9.3, there can be seen two different 
holes, which are before and after. Before version is the same with current design with 
screws.   
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Figure 9.4 : Design changes for Arm Box Part [7]. 
Also in Figure 9.4, design changes of Arm Box can be seen in two ways: before and 
after views. Like the drive holder example, this is a kind of an idea too. The red area 
inside the hole will be snapping space for drive holder part. 
As a conclusion for Fastener-1 elimination as Drive Holder and Arm Box; removing 
two screws is not a big issue for this point. However, plastic added part for snap 
connection will be optimized according to the force which drive holder handle with 
screws. Thus, it is possible to optimize for designing added parts for convenient snap 
connection. 
9.1.2 Iglidur 
In Strong Hand 2
nd
 mock-up, there are six iglidurs in the current design which can be 
seen in the figure 9.5 and Figure 9.6. 
In Figure 9.6, iglidurs can be identified with places of them. First two of them, 
connected with pege grip and finger arm part; second two is with tommel tand part 
and finger arm part and last two is with lille tand and finger arm part. 
Elimination of iglidurs idea will be continued as making changes to finger arm part 
specially. Finger arm is mating with all iglidurs, so changes will be: 
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Figure 9.5 : Position of Igludurs in current design [7]. 
 
Figure 9.6 : Placement of Iglidurs in Detailed Design [7]. 
 
As an example, third two iglidurs are selected: 
1. Integrating iglidurs into the lille tand as one integrated part as can be shown 
in the figure 9.7. 
93 
 
Figure 9.7 : Design changes for iglidur as  integrated with Lille Tand [7]. 
2. Designing not only additional part to finger arm part, but also convenient 
space for Lille Tand for snap connection between Finger arm and Lille tand, 
which are shown in the Figure 9.8 and Figure 9.9. 
 
Figure 9.8 : Design changes for Finger arm with Lille tand [7]. 
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Figure 9.9 : Design changes details for Lille tand and Finger Arm [7]. 
 
3. Redesigning Finger Arm additional part for snap connection that is shown in 
the Figure 9.10. 
 
Figure 9.10 : Last version of Finger Arm additional part [7]. 
The idea will occur a snap connection between the finger arm part and lille tand part. 
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As a conclusion for Fastener-2 elimination as Iglidur in 6 different places; removing 
iglidurs from the current design is an opportunity for high rate production, but for a 
prototype like 2
nd
 mock-up, using iglidur in current design is a safer way for working 
accomplishment. It is better to know that iglidurs can be removed and increases in 
design efficiency and decrease on operation time assembly cost can be assured. 
However, Plastic added part for snap connection will be optimized according to the 
natural force between forces during rotational operation. The point is that it possible 
to optimize for designing added parts for convenient snap connection. 
Like the example for lille tand, for the 4 other iglidurs can be eliminated from current 
design. This redesign enables designers to eliminate 6 iglidurs and also 6 other 
fasteners simultaneously.  
9.1.3 Tommel tand and tommel gripper 
In Figure 9.11 and 9.12, they can be shown that tommel tand and tommel gripper 
connection with two fasteners.  
Elimination of these fasteners from tommel tand and gripper will be two different 
ways with redesigning because tommel gripper is manufacturing in two ways 
aluminum, which is shown in Figure 9.11 and plastic, which is shown in Figure 9.14. 
 
Figure 9.11 : Position of fasteners between tommel tand and tommel gripper in current design [7]. 
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Figure 9.12 : 3-D Cad Drawing of tommel tand and tommel gripper in current design [7]. 
 
1. If Tommel gripper is manufactured from aluminum, solution will be a 
redesign both of them as an integrated part which is shown in the Figure 9.13.  
 
Figure 9.13 : Redesigned version of Tommel tand and Aluminum tommel gripper [7]. 
 
2. If Tommel gripper is made from plastic, which shown in the Figure 9.14, 
solution will be a snap connection between tommel tand and tommel gripper.  
First step will be to redesign with 4 additional parts for snapping connection to the 
tommel gripper with a random geometrical preference which is shown in the Figure 
9.15. 
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Figure 9.14 : Position of fasteners between tommel tand and plastic tommel gripper in current design 
[7]. 
 
 
Figure 9.15 : Redesigned version of plastic tommel gripper [7]. 
Second step will be making 4 snap spaces for tommel tand part with some 
geometrical specifications which is seen in the Figure 9.16. 
Solution for plastic tommel gripper and tommel tand will help to remove 4 fasteners 
from the both inside and outside of the gripper.  
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Figure 9.16 : Redesigned version of Tommel tand [7]. 
One drawback for second design alternative is that specific operation of Strong Hand 
needs to endure more power for specific condition and snap connection gets more 
optimized.  
9.1.4 Kardan, finger arm, lille tand and ıglidur 
In figure 9.17 and 9.18, fastener -4 is shown with kardan, finger arm, lille tand and 
iglidur. Elimination of fastener-4 is got help from the previous redesigns. It is known 
that Iglidur, lille tand and finger arm have already have connection without fastener.  
 
Figure 9.17 : Position of fastener 4 - 5 and 6 in current design [7]. 
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Figure 9.18 : 3-D Cad drawing of kardan, finger arm, lille tand and iglidur in current design [7]. 
For Fastener-4, the solution will be designing an additional part to kardan for 
connecting to finger arm like in the Figure 9.19 for a snap connection.  
 
Figure 9.19 : Redesigned version for Kardan [7]. 
The idea will occur a snap connection between the kardan and finger arm part with 
lille tand part and iglidur. 
As a conclusion for Fastener-4, it is said that conclusion will resemble the previous 
iglidur elimination. One of the problem will occur that snap connection may not be 
compensate the require force for 4 parts. If optimization result will not be satisfied 
for a snap connection, current design with fastener can be preferred.    
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It is better to know that fastener removing from inside 4 parts definitely add 
increases in design efficiency and decrease on operation time assembly cost. 
9.1.5 Kardan, finger arm and trisse  
In figure 9.17 and 9.20, fastener -5 is shown with kardan, finger arm, trisse. 
Elimination of fastener-5 is also acquiring assistance from the previous redesigns. It 
is known that kardan and finger arm have already have connection without fastener.  
 
Figure 9.20 : 3-D Cad drawing of kardan, finger arm, trisse in current design [7]. 
Elimination of fastener 5 elimination is going to be like fastener 4 elimination 
because difference is trisse needs connection with finger arm and kardan. The 
controversial problem is that if Snap connection between these 3 parts assure the 
strength and compensate the force occurred during operation rather than the fasteners 
endured. If this problem gets an answer as „yes‟, snap connection can be redesigned 
easily.  
9.1.6 Arm box and kardan  
In figure 9.17 and 9.21, fastener -6 is shown with kardan part and arm box part. 
Elimination of fastener-6 is also acquiring assistance from the previous redesigns.  
For fastener -6, it is possible to redesign arm box and kardan with snap 
connection like in the previous examples. The point will be it is possible to 
compensate the force and needs. 
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Figure 9.21 : 3-D Cad drawing of arm box and kardan in current design [7]. 
9.1.7 Splint and arm box  
In figure 9.22 and 9.23, fastener -7 is shown with splint part and arm box part with 
two nuts for moving the arm box forward and backword. 
 
Figure 9.22 : Position of fastener 7 and 8 in current design [7]. 
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Figure 9.23 : 3-D Cad drawing of Splint and Arm Box in current design [7]. 
To accomplish the movement of the arm box forward and backward, two nuts are 
used for Strong Hand 2nd mock-up. These movements for adjusting hand position 
for user interface and position of the hand. 
 
Figure 9.24 : Redesigned version for Splint [7]. 
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Solution for removing two nuts from current design will be like in the Figure 9.24 
with an additional part to splint that acquire snap connection with arm box.  
9.1.8 Kardan, skive and arm box 
In figure 9.22 and 9.25, fastener -8 is shown with kardan, skive and arm box with a 
nut. Elimination of fastener-8 is also acquiring assistance from the previous 
redesigns like fastener – 6, kardan and armbox. The requirement is elimination of 
skive. 
 
Figure 9.25 : 3-D Cad drawing of Kardan, Skive and Arm Box in current design [7]. 
To eliminate skive; kardan is redesigned with skive as one integrated part which is 
shown in the figure 9.27. 
 
Figure 9.26 : 3-D Cad drawing of Kardan and Skive in current design [7]. 
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The solution can be seen in the Figure 9.27 as redesigned version of kardan. 
 
Figure 9.27 : Redesigned version for Kardan [7]. 
After eliminating skive, kardan and arm box will be connected with snap connection. 
Removing of the nut can be assured.  
9.2 Conclusion of Elimination 8 Fasteners from Current Design  
Strong Hand 2
nd
 mock-up has 8 different fastener types to ready for elimination 
according to the DFA Theory. Removing fasteners from current redesign with 
redesigning is not a big issue but: 
 Plastic added part for snap connection need to be optimized  
 For a prototype like 2nd mock-up, using fasteners and iglidur in current design 
is a safer way for working accomplishment, but for high rate production, it is 
better not to have fasteners in design. 
 Total number of eliminated fasteners is 24 from the current design. 
 It is better to know that 24 fasteners elimination increases design efficiency 
and decrease on operation time and assembly cost can assured. 
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10. DISCUSSION 
Strong Hand DFMA Project is started with understanding DFA and DFM 
methodologies for applying them to Strong Hand 1
st
 and 2
nd
 mock-ups. When DFA 
and DFM analyze are getting done, Design efficiency numbers and cost calculations 
gained. According to the DFA Worksheet, fasteners for elimination and several parts 
are determined for redesigning as functional or not. Thus, 8 fasteners are eliminated 
and 5 parts are redesigned for better Design efficiency with perfect DFA Worksheet. 
Design Efficiency is determined as 0.52. 0.52 is a value that really far from 1 and 
DFA Analyzes are generally conclude with a design efficiency number more than 
0.9. So, what are the obstacles for preventing having higher design efficiency? 
 DFA and DFM Methodologies are efficiently applied to professional designs 
and projects which are 10
th
 or more generation not like early-stage project 
like 2
nd
 generation of Strong Hand. 
 Analyzing 2nd mock-up of Strong Hand with DFA and DFM Theories are not 
efficient and concluded in imperfect way with „Design Efficiency Number as 
0.52‟. 
The problem is causing for DFMA Project by DFA Approach to apply it to a 2
nd
 
Generation model. Theory says identify the fasteners with non-functional parts and 
eliminate or redesign them. For DFMA Project, focusing on a specific parts and 
fasteners does not help to improving Design Efficiency; however, if the project is 
directed to redesign to whole 2
nd
 mock-up without fasteners and integrated parts, 
Design Efficiency get higher. Because 2
nd
 Mock-up of Strong Hand is not the most 
perfect and efficient design and it has many imperfections as it is a 2
nd
 generation 
model.  
So, unsuccessful result of the DFA Approach is also causing from wrong time 
planning of the project. Project like a 2
nd
 mock-up of Strong Hand needs more time 
to redesign the current design according to DFA Worksheet with elimination and 
integration.  
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Other than being an early stage project; DFA and DFM Analyzes of Strong Hand 
Project help to learn many points for the rest of the project as: Strong Hand project is 
a developing project which is proved with Design Efficiency Numbers from 0.32 to 
0.52and Cost Estimations of 1
st
 and 2
nd
 mock-up from 2141DKK to 1709DKK. 
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11. CONCLUSION  
After completing Design for Assembly (DFA) Analyze to the Strong Hand Project is 
concluded as;  
 1st mock-up has a Design Efficiency Number as          
      . 
 First version of 2nd mock-up has Design Efficiency Number as          
     
. 
 Second version of 2nd mock-up has Design Efficiency Number as          
     
. 
Second version of 2
nd
 mock-up has the highest Design Efficiency Number and also it 
is latest design sample of Strong Hand Project.  
After DFA Methodology applied to 2
nd
 mock-up of Strong Hand Project is concluded 
as; 
 Elimination of 8 fasteners of 2nd Mock-up increase the Design Efficiency 
 When eliminating 8 fasteners from the current design of Strong Hand 5 parts 
need to be redesign with increasing design efficiency 
Final Design Efficiency of Strong Hand Project is 0.52, can be seen in the Table 11.1 
and 11.2. 
Table 11.1 : Final Worksheet for Strong Hand 2nd mock-up 
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STRONG HAND 2ND MOCK-UP 
STEP FILE  
1 2 00 1,13 00 1,5 5,26 2,104 1 
BUTTON ASSEMBLY 
2 1 35 2,73 06 5,5 8,23 3,292 1 
SPLINT 
108 
3 1 30 1,95 06 5,5 7,45 2,98 1 
ARM BOX 
4 1 13 2,06 01 2,5 4,56 1,824 1 
PCB FIXTURE 
5 1 83 5,6 06 5,5 11,1 4,44 1 
PCB ASSEMBLY 
6 1 30 1,95 06 5,5 7,45 2,98 1 
BELLOW 
7 Sub-Ass .. .. .. .. 91,37 36,55 15 
DSH001 
8 1 20 1,8 02 2,5 4,3 1,72 1 
DRIVE HOLDER2 
9 1 13 2,06 02 2,5 4,56 1,824 1 
RING DAMPER 
10 1 13 2,06 00 1,5 3,56 1,424 1 
SAFETY BUTTON 
11 1 31 2,25 02 2,5 4,75 1,9 1 
MOTOR ROATATION BLOCK 
12 1 30 1,95 00 1,5 3,45 1,38 1 
DRIVE HOLDER 
13 1 03 1,69 01 2,5 4,19 1,676 1 
DRIVE WIRE 
14 1 30 1,95 06 5,5 7,45 2,98 1 
FINGER ARM 
15 1 30 1,95 06 5,5 7,45 2,98 1 
KARDAN 
16 1 13 2,06 02 2,5 4,56 1,824 1 
MOTOR END WASHER 
17 3 13 2,06 00 1,5 10,68 4,272 1 
DISC SPRING(sub-assembly) 
18 2 11 1,8 02 2,5 8,6 3,44 2 
TRISSE(1-2) 
19 1 30 1,95 02 2,5 4,45 1,78 1 
LILLE TAND 
20 1 30 1,95 02 2,5 4,45 1,78 1 
TOMMEL TAND 
21 2 03 0 01 0 0 0 0 
SKIVE-07 
22 1 05 1,84 00 1,5 3,34 1,336 1 
SPRING 
23 6 10 0 30 0 0 0 0 
IGLIDUR 
24 1 03 0 00 0 0 0 0 
SPRING CYLINDER 
25 1 30 1,95 02 2,5 4,45 1,78 1 
TOMMEL GRIB 
26 1 30 1,95 02 2,5 4,45 1,78 1 
PEGE GRIB 
  
220,1 88,05 38 
0,52 
TM CM NM 
DESIGN EFFICIENCY = 3×NM/TM 
 
 
After completing Design for Manufacture (DFM) Analyze to the Strong Hand 
Project as Cost Estimation is concluded; 
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Table 11.2 : Final Worksheet for DSH001 of Strong Hand 2nd mock-up 
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STRONG HAND 2ND MOCK-UP 
STEP FILE - DSH001 - SUB 
ASSEMBLY 
27 1 34 3 01 2,5 5,5 2,2 1 
266521 
28 1 30 1,95 00 1,5 3,45 1,38 1 
266531 
29 1 03 1,69 00 1,5 3,19 1,276 1 
266521 
30 3 03 0 00 0 0 0 0 
266521-3 
31 1 10 1,5 02 2,5 4 1,6 1 
118185 
32 1 31 1,95 02 2,5 4,45 1,78 1 
DSH BRACELET 
33 1 03 0 39 0 0 0 0 
SV-125-NUT 
34 2 11 0 39 0 0 0 0 
SCREW-ISO 7045 
35 1 30 1,95 02 2,5 4,45 1,78 1 
DSH HOUSING 
36 1 33 2,51 06 5,5 8,01 3,204 1 
DSH QUICK RELEASE 
37 1 03 0 39 8 0 0 0 
SV-11-NUT 
38 2 10 1,5 00 1,5 6 2,4 1 
DSH CORD TENSION 1 
39 1 30 1,95 06 5,5 7,45 2,98 1 
DSH SPINDLE 
40 2 30 1,95 00 1,5 6,9 2,76 1 
DSH CORD TENSION 2 
41 1 31 2,25 06 5,5 7,75 3,1 1 
DSH COIL 
42 2 10 1,5 00 1,5 6 2,4 1 
STIFT ISO 2338 
43 1 33 2,51 06 5,5 8,01 3,204 1 
DSH RACK 
44 1 33 2,51 06 5,5 8,01 3,204 1 
DSH COIL BRACELET 
45 1 32 2,7 06 5,5 8,2 3,28 1 
619 - BEARING (sub-ass) 
  
91,37 36,55 15 
0,49 
TM CM NM 
DESIGN EFFICIENCY = 3×NM/TM 
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 Cost of 1st mock-up is estimated as 3040 DKK (Included electronics) and 
1540 DKK (without electronics). 
 Cost of first version of 2nd mock-up is 1615 DKK (without electronics). 
 Cost of second version of 2nd mock-up is estimated as 2141 DKK (without 
electronics). 
DFM theory helps to estimate cost for each versions of Strong Hand, it can be seen 
that 1
st
 mock-up is the simplest and cheapest one. Second version of 2
nd
 mock-up is 
the most expensive one among others. Next step will be focusing on second version 
of 2
nd
 mock-up for alternative cost estimations. 
After determining cost estimations for each design of Strong Hand Project, 2
nd
 
version of 2
nd
 mock-up has next step cost estimations according to the DFM Theory 
among variable materials and manufacturing methods; it is the way for reaching the 
better and cheapest design proposal: 
 First cost estimation is the one with 2140 DKK with machining of the many 
parts. 
 Alternative 1 cost estimation is with 1709 DKK per part with injection 
molding of many parts. 
 Alternative 2 cost estimation with 1755 DKK per part machining and 
injection molding together. 
In figure 11.1, The Strong Hand 2
nd
 mock-up latest view can be seen.  
 
Figure 11.1: Strong Hand 2nd mock-up latest view 
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In Table 11.3, the most convenient Cost Estimation can be seen with material and 
manufacturing methods opportunities with its prizes of Strong Hand 2
nd
 Mock-up. 
Alternative-1 with 1709 DKK is the DFM Proposal for Strong Hand 2
nd
 mock-up. 
 
Table 11.3 : DFM analyze as Cost Estimation of 2
nd
 version of 2
nd
 mock-up 
STRONG HAND 2ND MOCK-UP 
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1 
BUTTON 
ASSEMBLY 
2             20 40 
2 
MOCK UP 
SKELETON 
(COVER) 
1 192*50*2 19200 SLS 60 
INJ. 
MOLDED 
3 20 23 
3 ARM BOX 1 98*70*7 49200 
PA6.6-
GF30 
132 
INJ. 
MOLDED 
3,3 33 36,3 
4 
PCB FIXTURE 
(BoxLid) 
1     ALU 26 
LASER 
CUT/PUN
CHED 
2,6 19,5 22,1 
5 PCB ASSEMBLY 1             500 500 
6 BOX LID 1     
PA6.6-
GF30 
34 
INJ. 
MOLDED 
3,4 25,5 28,9 
7 DSH001 
Sub-
Ass 
                
8 DRIVE HOLDER2 1 22*10*9 2273 
PA6.6-
GF30 
6 
INJ. 
MOLDED 
0,308 15,4 
15,70
8 
9 RING DAMPER 1     
NBR 
RUBBER 
  STD.   3 3 
10 
SAFETY 
BUTTON 
1     POM   
INJ. 
MOLDED 
  5 5 
11 
MOTOR 
ROATATION 
BLOCK 
1 19*10*10 1900 
PA6.6-
GF30 
3 
INJ. 
MOLDED 
0,15 7,5 7,65 
12 DRIVE HOLDER 1   1997 
PA6.6-
GF30 
5 
INJ. 
MOLDED 
0,27 13,5 13,77 
13 DRIVE WIRE 1             2 2 
14 FINGER ARM 1 45*43*10 19721 
PA6.6-
GF30 
53 
INJ. 
MOLDED 
5,3 26,5 31,8 
15 KARDAN 1   3437 AW6062  9 
MACHINI
NG 
0,9 13,5 14,4 
16 
MOTOR END 
WASHER 
1     SS 1 
LASER 
CUT/PUN
CHED 
0,1 0,75 0,85 
112 
17 DISC SPRING 3     4248   STD.   3 9 
18 TRISSE(1-2) 2     POM 3 
INJ. 
MOLDED 
0,15 4,5 9,3 
19 LILLE TAND 1   3671 AW6062  10 
MACHINI
NG 
1,5 15 16,5 
20 TOMMEL TAND 1   7243 AW6062  19 
MACHINI
NG 
2,85 28,5 31,35 
21 SKIVE-07 2     PLASTIC   STD.   1 2 
22 SPRING 1     STEEL   STD.   2 2 
23 IGLIDUR 6     PLASTIC   STD.   1 6 
24 
SPRING 
CYLINDER 
1     POM   
INJ. 
MOLDED 
0,05 1,5 1,55 
25 TOMMEL GRIB 1   9840 
PA6.6-
GF30 
27 
INJ. 
MOLDED 
1,35 13,5 14,85 
26 PEGE GRIB 1   13618 
PA6.6-
GF31 
34 
INJ. 
MOLDED 
1,7 17 18,7 
COST OF 25 PARTS   TOTAL COST 1 (DKK) 855,7 
STRONG HAND 2ND VERSION 2ND MOCK-UP - PART 7 
P
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27 266521 1     PLASTIC   STD.   10 10 
28 266521 1     ALU 10 
LASER 
CUT/PUN
CHED 
1 7,5 8,5 
29 266521 1     ALU 1 
LASER 
CUT/PUN
CHED 
0,1 0,75 0,85 
30 266521-3 3     PLASTIC   STD.   1 3 
31 118185 1     ALU 3 
LASER 
CUT/PUN
CHED 
0,3 2,25 2,55 
32 DSH BRACELET 1     ALU 2 
LASER 
CUT/PUN
CHED 
0,2 1,5 1,7 
33 SV-125-NUT 1     STEEL   STD.   1 1 
34 SCREW-ISO 7045 2     STEEL   STD.   1 2 
35 DSH HOUSING 1     ALU 16 
LASER 
CUT/PUN
CHED 
1,6 12 13,6 
36 
DSH QUICK 
RELEASE 
1     ALU 3 BULK 0,3 4,5 4,8 
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37 SV-11-NUT 1     STEEL   STD.   1 1 
38 
DSH CORD 
TENSION 1 
2     ALU 3,85 
LASER 
CUT/PUN
CHED 
0,385 
2,887
5 
6,545 
39 DSH SPINDLE 1     ALU 7,35 
LASER 
CUT/PUN
CHED 
0,735 
5,512
5 
6,247
5 
40 
DSH CORD 
TENSION 2 
2     ALU 1,42 
LASER 
CUT/PUN
CHED 
0,142 1,065 2,414 
41 DSH COIL 1     ALU 4,15 
LASER 
CUT/PUN
CHED 
0,415 
3,112
5 
3,527
5 
42 STIFT ISO 2338 2     STEEL   STD.   2 4 
43 DSH RACK 1     ALU 8,6 
LASER 
CUT/PUN
CHED 
0,86 6,45 7,31 
44 
DSH COIL 
BRACELET 
1     
SPRING 
STEEL 
5 
LASER 
CUT/PUN
CHED 
0,5 3,75 4,25 
45 
619 - BEARING 
(sub-ass) 
1     STEEL   STD.   50 50 
COST OF PART 7  TOTAL COST 2 (DKK) 133 
OPERATION COST    720 
ASSEMBLY COST TOTAL COST 3 (DKK) 720 
STRONG HAND 2ND VERSION OF 2ND MOCK-UP TOTAL COST (DKK) 1709 
 
In Conclusion, according to the DFA and DFM methodologies, the most efficient 2
nd
 
mock-up of Strong Hand can be identified as Design Efficiency Number as 0.52 and 
cost estimation is 1709 DKK.  Project goals are achieved but one fact is learned 
during the study of this project is that 0.52 as a design efficiency number is not a 
great number when comparing 1. The reason the final design efficiency is far from 
the 1 is that DFA and DFM Theories are commonly convenient for professional 
designs and projects. In addition to, 2
nd
 mock-up of Strong Hand is an early-stage 
project. Consequently, DFA and DFM Approach is not effective solution for an 
early-stage project like 2
nd
 mock-up Strong Hand. Thus, Design efficiency can just 
be improved till 0.52.   
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APPENDIX 
 
 
Chart 1: Manual Handling - Estimated Times. 
118 
 
 
 
Chart 2: Manual Insertion Estimated Time. 
 
Figure 0.1 : Part Symmetry and illustration of Size and Thickness. 
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Figure 0.2 : Cover; Injection molding cost estimation (University of Massachusetts). 
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Mold Price (Exchange Rate: 1 USD = 6.28 RMB) 
Mold core: 26 X 22 X 7 cm Price: 211 RMB 
Mold frame： 38X 34 cm Price: 2739 RMB 
Other Material Cost (copper electrode,angular pin、injection pin) 695 RMB Hot Runner 
System: 0 RMB 
Total Material Cost: 3646 RMB 
  
CNC machining 3062 RMB Electrode machining 84 RMB 
Laboring 4000 RMB Wire Cutting 63 RMB 
Total Production Cost: 7210 RMB 
Mold Design cost 1086 RMB 
Mould testing cost 3263 RMB (3 trials) 
Factory Overhead and Profit 5473.2 RMB 
Tax 3515 RMB 
Total Mould Price 24193 RMB or 3852 USD 
Product Price 
Material Price: 1.58(RMB) 
Production Price: 0.24(RMB) Using 40 Ton Molding Machine 
Factory overhead and profit: 0.47(RMB) 
Tax:0.14(RMB) 
  
Total Unit Price: 2.43 RMB or 0.39 USD 
Table 0.1 - Arm box; injection molding cost estimation (Shanghai Source). 
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Mold Price (Exchange Rate: 1 USD = 6.28 RMB) 
Mold core: 7 X 10 X 6 cm Price: 22 RMB 
Mold frame： 19X 22 cm Price: 1381 RMB 
Other Material Cost (copper electrode,angular pin、injection pin) 292 RMB Hot Runner 
System: 0 RMB 
Total Material Cost: 1695 RMB 
  
CNC machining 1424 RMB Electrode machining 9 RMB 
Laboring 4000 RMB Wire Cutting 7 RMB 
Total Production Cost: 5440 RMB 
Mold Design cost 714 RMB 
Mould testing cost 3263 RMB (3 trials) 
Factory Overhead and Profit 4000.8 RMB 
Tax 2569 RMB 
Total Mould Price 17682 RMB or 2816 USD 
Product Price 
Material Price: 0.08(RMB) 
Production Price: 0.46(RMB) Using 40 Ton Molding Machine 
Factory overhead and profit: 0.14(RMB) 
Tax:0.04(RMB) 
  
Total Unit Price: 0.72 RMB or 0.11 USD 
Table 0.2 – Drive Holder 2; Injection molding cost estimation (Shanghai Source). 
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Time Plan (Revised): Design for Materials & Manufacture & Assembly   
Start Date: 11
th
 January   
First Stage of the Project – End Date: 27th March 
 Literature review:  
- Product Design For Assembly 
- Product Design For Manufacture and Assembly  
- Other references like Books and Theories for DFM and DFA  
 
 Analyze 1st Mock-up, first and second versions of 2nd Mock-up  
- Find Existing Product or Cad Drawings  
- Analyzing with DFA for determining the Design Efficiency for new 
design opportunities 
- Analyzing with DFM for determining Cost Estimations as realistic and 
estimated  
Second Stage of the Project – End Date: 23th April 
 Modeling three different design proposals  
- Agreed with Design For Manufacture and Design For Assembly 
- Try to reach efficient and appropriate design by the help of 1st mock-up 
model mistakes 
- Evaluation of three of them in design matrix 
Final Stage of the Project – End Date: 21th May 
 Detailed design of one of three 
- Selecting one of three which is efficient  
- Material selection and Manufacturing methods  
- Cost investigation and optimization   
 Comparing with original final product 
- In the area of material, manufacturing methods and cost   
Due Date: 11
th
 June   
Presentation Date: 28
th
 or 29
th
 June  
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Time Plan: Design for Materials & Manufacture & Assembly   
Start Date: 30
th
 January   
First Stage of the Project – End Date: 12th March 
 Literature review:  
- Product Design For Assembly 
- Product Design For Manufacture and Assembly  
- Other references like Books and Theories for DFM and DFA  
 Analyze 1st Mock-up  
- Find Existing Product or Cad Drawings  
- Analyzing with DFA and DFM to determine good and bad properties 
 Modeling 1st Mock up 
- Bill of Materials  
- Parts and Design Parameters 
- Working Mechanism as Mechanical and Electrical analysis 
Second Stage of the Project – End Date: 16th April 
 Modeling three different design proposals  
- Agreed with Design For Manufacture and Design For Assembly 
- Try to reach efficient and appropriate design by the help of 1st mock-up 
model mistakes 
- Evaluation of three of them in design matrix 
Final Stage of the Project – End Date: 14th May 
 Detailed design of one of three 
- Selecting one of three which is efficient  
- Material selection and Manufacturing methods  
- Cost investigation and optimization   
 Comparing with original final product 
- In the area of material, manufacturing methods and cost   
Due Date: 11
th
 June   
Presentation Date: 28
th
 or 29
th
 June  
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THE STRONG HAND ´A helping hand to rheumatic sufferers´ 
Design for Materials & Manufacture & Assembly for Strong Hand 
 
M.Sc. Thesis: Omer Selim Geylan (s111936) 
 
Thesis Supervisors: Prof. Torben Anker Lenau 
     Prof. Ali Gurcan Ozgil 
 
Company and contact persons: 
1. INVENCON; Hans Jørgen Pedersen and Jesper Allan Hansen 
2. IPU, Peter Rosenbeck Mortensen, Jonas Torry-Smith, Jacob Hvidtved 
Lawaetz 
Background:  
The Project Strong Hand has a main notion for helping rheumatic sufferers to 
accumulate power with the decreasing strength in their hands. INVENCON and IPU 
are the responsible companies for the project. IPU is responsible for the design of the 
Strong Hand. The first mock-up of `Strong Hand` had been tested by rheumatic 
patients after several participatory innovations in 2011. The second mock-up is ready 
by April, 2012. The project also has an 3th mock-up in 2013 and it ended with final 
product. 
Project Goal: 
The goal of the project is to propose a more cost-effective version of the strong hand 
based on the first mock-up and later in the project on the second mock-up. It is also a 
goal to propose a simple tool that can help the designer in evaluating the effect to 
changes to the mock-ups, e.g. in the form of a cost-spread-sheet. The work will be 
based on analyzing the assembly efficiency by the help of DFMA methods (Design 
For Manufacture and Assembly) and propose design changes like the number of 
parts, less expensive parts and manufacturing methods and other materials – all in 
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order to simplify the design and improve the manufacturability with higher 
production efficiency.  
Expected Outcomes: 
Result of the project is a redesigned product which is supported by spreadsheet of 
cost structure with variable cost and fixed cost for material, manufacturing and 
providing service. Durability of the redesign is investigated by number of what-if 
scenario analysis about results from the new design like expectations for future basis, 
plans and forecast. 
Learning Goals: 
After the project the student will be able to use the Design For Assembly (DFA) and 
Design For Manufacture (DFM) Methodologies efficiently for any current design, 
and its material and manufacturing method selection. The student is able to obtain 
simplest design approval and best cost efficient way for not only the material 
selection, but also the manufacturing methods for the project according to the 
methodologies.  
1. Examine Design for Assembly (DFA) and Design for Manufacture (DFM) 
Methodology. 
2. Associate DFA and DFM methodologies with illustrating with other projects. 
3. Examine 1st Mock-up of Strong Hand, first version of 2nd mock-up and 
second version of 2
nd
 mock-up Strong Hand with applying DFA and DFM. 
4. Analyze 1st Mock-up of Strong Hand, first version of 2nd mock-up of Strong 
Hand and second version of 2
nd
 mock-up Strong Hand with applying DFA to 
calculate and compare Design Efficiencies of the current designs.  
5. Analyze 1st Mock-up of Strong Hand, first version of 2nd mock-up of Strong 
Hand and second version of 2
nd
 mock-up Strong Hand with applying DFM to 
calculate and compare Cost Estimations for the current materials and 
manufacturing methods. 
6. Generate minimum three possible ways to develop Design Efficiency number 
for 2
nd
 mock-up with presenting INVENCON and IPU. 
7. Combine minimum different cost efficient ways for the 2nd mock-up for 
different material and manufacturing methods with getting approval from 
INVENCON and IPU. 
8. Decide best simplest design proposal with higher Design Efficiency Number 
for Strong Hand Project. 
9. Recommend best cost-effective estimation with available material and 
process for Strong Hand Project. 
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Conclusion from the 02.04 Meeting for the Project Strong Hand DFMA and 
Work Plan 
Meeting Date and Place: 04.02.2012, IPU 
1. Main focus on DFA Tables for increasing Design Efficiency  
DFA Tables include Assembly and Design of the parts:  
Design and assembly changes and focus on: 
 Designing more symmetrical parts 
 Handling of the parts 
 Housing of the parts 
- Make changes with shape and dimensions to decrease operation time.  
Focus on Design Efficiency, DFA Table:  
 Operation Cost (Effects of assembly cost) 
 Operation Time (Effects of assembly time) 
For Assembly,  
 Increase design efficiency  
 Decrease operation time 
Focus on: 
 Parts and Fasteners (Eliminate fasteners, integrate parts) 
 Making symmetrical parts 
 Revise tables 
 Column 9 for decreasing number of parts 
2. Focus on DFM – Cost Estimation 
For expensive parts: 
 Alternative methods than machining  
 Change the process 
For Design for Manufacture: (Batch is 1000 parts for each part) 
 Alternative materials 
 Alternative methods 
- Die cast molding  
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- Injection Molding  
- Machining                         --STANDART PRIZE FOR EACH 
NOT FOCUS; 
 Motor and drive 
 Battery 
 Electronics 
 Cables  
INVENCON and IPU main demands:  
 Assembly cost calculation from operation time and cost 
 Main focus on DFA tables for Assembly time and cost with increasing 
design efficiency 
 
 
 
 
 
 
 
 
 
 
 
 
 
Participants of the Meeting  
Hans Jørgen Pedersen 
Jesper Allan Hansen 
Peter Rosenbeck Mortensen 
Jonas Torry-Smith 
Jacob Hvidtved Lawaetz 
Lars Tønnes Jakobsen 
Omer Selim Geylan 
129 
 
Conclusion from the 15.05 Meeting for the Project Strong Hand DFMA  
Meeting Date and Place: 15.05.2012, IPU 
Presentation includes:  
Elimination of Fasteners 
 Drive Holder Screws with arm box part – Alternative Snap connection 
 6 iglidurs with finger arm – alternative elimination of iglidurs and snap 
connection  
 
Feedbacks: 
Determine current design‟s critical points  
What can be the alternatives for current design on some specific point according to 
the theory? 
Find design alternatives 
Compare alternatives with current design and find advantages and drawbacks (Why 
can it help or why it is not necessary to use)  
List all alternatives and current idea for each focusing point as elimination of 
fasteners or redesign  
(Make a list as: Theory says these alternatives but they seems great solution or these 
alternatives cannot help for the design because it needs to be strong or it is too weak) 
 
Learning Goals will be:  
Determine special problem on current design  
Find solutions (design alternatives) for problems according to theory 
Examine the solutions (whether they are good to be a solution for the problem or not) 
with comparing current design   
Make a good list about solutions for future designer  
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